
Optaflexxm (ractopamine HCI) Type A Medicated A&S 

for 

Beef Cattle Feed 

Elanco Animal Health 

FORPUBLIC DISPLA’ _ 



Optaflexx@ (ractopamine HCI) Type A Medicated Article- ’ 

for 

Beef Cattle Feed 

Elanco Animal Health 
A Division.of Eli Lilly and Company 

Indianapolis, IN 

The Center for Veterinary Medicine has considered the potential environmental inipact of this action and L / ,; /;, j r;*” .<,‘.>?. . -:,.1. I has concluded that this action will not have a sign&&ant impact on the quality of the humair environment 
and that, therefore, an environmental impact statement will’not be prepared. 

This finding of no significant impact provides for the approval of a new animal drug application (NADA) 
for Optaflexx@ (ractopamine HCl) premix for use in beef cattle feed. The l%ductis to ijrovide”for . -” 
increased rate of weight gain, improved feed efficiency, andi&eased carc‘ass leanness. The product will 
be used continuously at up to 30 grams per ton of feed for up to $2 days before slaughter. 

In support of the approval of the NM%, Elanc”o”~imal Healthhas submitted anenvironme~tal ‘. 
assessment (copy attached) dated November 1998. ’ ’ 

_,, j, L j_ 

Information on the potential in@actf&m ‘me’use’and’disposal oft~~~i;r(;a;c~re”cdi;ta;ne;t in the EA. The 
EA provides data to estimate the exposures and effects of ractopamine. In the EA, risk chara&r&tion 
data were adequate for terrestrial and avian species and indicated that potential risk for these ‘species are’ 
low to extremely low. Acute risk to a&.&% species is also e&k&& low. With regard to chronic 
exposure risks to aquatic organisms,, there were no quantitative data submitted to address this is&e:‘ ” 
Estimates made using acute exposure and toxicity data indicate-that dhronic toxi&y is not ex<ected but 
suggest a possible chronic exposurerisk from incremental increasesin ractopamine hydrochloride -from 
multiple site uses in cattle and swine feed. There is a high amount of uncertainty associated with this “̂ ) 
observation. To reduce the~uncertainty, it is &l&t&t to generate additional data to assist in: .“*d,9,, ,_ .r,“d”lr,l’ ,, .‘” .‘: W,? ‘” 
characterizing chronic risk to aquatic species. Elanco has agreed to generate data for chroni~toxicityto _ #,. aquatic invertebrates and a quantitative estimate of chronic exposure on alocal and a watershed basis. 
Since these data are primary to redube uncertainty, th&.data are not required at this time but’ must be 
provided in the next applicatiijn to deterrninewhether additional’data are needed’or risk management is 
necessary for ractopamine use. 

Information in the EA also addresses potential occupational impacts at the site of mixing for the final feed 
containing Optaflexx@. The information indicates that precautions are needed when&andling oyjtaflexx@ 
and the labeling will contain information for ‘the ‘safe handling-bf thki>i-obuc’~.““~~~upa~~ai effects are 
further addressed in the FOI summary. ” 



,/ -‘ 

, 
The EA is adequate to provide ?  reas~~@e cerfk@ that the’ proposed approv$ of &opamine in 
@ ta&x.x is not expected to si&-Scantly contridute to impact 6i &h&an environment. ^ 

Attachments: November 1998 Environmental Assessment and attachment 
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E n ~ r p n n ie n ta l-A ssessrnen t Fo r  th e % se o f ,- 
R a cto p a m in e  H jd roch lo r ide  P r e m ix In  & & % $ & $  & i@  

I  /  

L - D A T E  N c h & & e r -  1 9 9 8  i 

A  n e w  an ima l  d rug  approva l  has  b e e n  reques te d  fo r  th e  use  o f rac topamine  hydroch lo r ide  

p remix  in  th e  fe e d  o f ca ttle  in  fekd lo t ope ra tions . Rac topami rk  hydroch lck ide  Iif thk  ~ a c tive I . -  
i ng red ien t in  th e  p remix . U p  to  3 0  p p m  (30  g /ton )  o f rac topamine  hyd roch fok ie  w ’iil b e  used  

con tinuous ly  in  th e  fe e d ’cif ked lo t ca ttle  fo r  u p  to  4 2  days  pr ior  to  s laugh te r . T h e  & m ix wii l  

b e  used  to  improve  fe e d  e ffi+$cy  a n d  p r o m o te  a n  inc rease’ in  we igh t ga in  a n d  ca r&s  

leanness . ca ttle  wi l i  rerk in  in  th e  feedk  fo r  a ’to ta l  o f 1 8 O ’days . ’ ‘,I 
/ , 

’ I’. 1 ’ 
” <  
’ 

E a s e d  o n  th e  p rqposed  ac tio n , rac topamine  hydroch lo r ide  cou ld  p o te n tial ly b e  in t roduced 

into th e  fo IIow ing  env i r onmen ts from  its use  a n d  d isposal :  

a . 
b . 

T h e  env i r onmen t ad jacen t to  faci l i+ s  $ & h  .@ JC th e  p remix  ‘with fe e d . 
F in ish ing ope ra tions  fcirc’~ ~ ~ e ’jvhe_re res idue  m a y  b e  fo u n d  in  an ima l  was te . 

c. Agr icu l tura l  i t ids whek  ik raste p roduc ts from  ca ttle  a re  used  a S  fex$ Iizei. 
d . 

1  
A q u a tic system s whek  runo ff m a y  col lect from  sites rece iv ing was te  p & d u c ts from  
ca ttle . 

Rac to p a m i n e  hydroch lo r ide  p remix  wil l  b e  ikorpora ted into che  comp le te  fe e d  used  f&  ‘. 

ca ttle  in  feed lo t ope ra tions . T e n  pe rcen t o f r ac topam& hydroch lo r ide  p remix  kil l  b e  tih e  

ac tive ing red ien t, rac to$m. ine hydroch lor ide.  T h e  p remix  a lso  con ta ins  g r o u n d  corn  cobs  

a n d  soybean  oil. Soybea r i  oi l’cl-% ) is k e d  tb  p r o d u c e  a  low-dust  p r o d u c t. 
, 

t 
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/  Ractopamine hydrochloride is manufactured in a one-step process. The bulk drug is 

produced as an aqueous solution containing 3 to 20 percent ractopamine hydrochloride. 
(“__ :,: 

W ithout the water, not less than 96.0 percent will be ractopamine hydrochloride when > 
determined by HPIC. Not more t@n 1.5 percent of the dry material will be ‘an individual 

related substance, with no more than 4.0 p&Cent tot& re&&i’substances. /_ I 

CAS Reeistrv Number: 90274-24-l 
Molecular F12rmula: C 1 gH2303N.HCl I 

Molecular Wei$& 337.8 

,. 

Structural Formula: 

HO- ,-, 0 
OH CH3 

- C’H - CH, - NH - ;H - CH, - CHi,-- -OH. HCL 

Solubilitv (ADDendik A): ‘“Tatei $ $ - s1;4..$“, .“. ,_,” “̂  _ i :; ._. , -/* 

: : 
pH7 31.ogL 1. 

PH9 41.2 g/L 

Melting~PoinL; 163.9 to 164:BbC *I : ” . . 

-. I .  4 

W Absorotio& Peak absotptions occur at 225.8 and 277.6 nm with m&r e&&on 
. ,“. .,j_ - .I . ,,” ,. coefficients of 463 and 93 L,/crn/m~le~ respk&vely; in rne&&~~~t rbom temperature, 

” . 
,. ^f. 

,; , 
\’ j 

, -, I. ,. ., ., ‘Y’ . ..,‘I’ ; ‘_  /’ . . . . .:* :. 1.. ., . . . ” “  ̂ “. 



Vaoor Pressure: Ractopamine hydrochloride is a no~yolatile~solid. Differential thermal 
., I, 

analysis indicated a strong endotherm at 180°C “and an exothermat 188°C comciding with 

decomposition. Thermogravimetric analysis of ractopamine hyd&hloiide shows no weight 

loss until 176OC, where loss begins and continues through decomposition. 

, ,_ .I 1. I ._I 1. .^ (. 

The g-octanol/&k.er partition 

coefficients for ractopamine hydrochloride were 1.75 1.02;’ a$‘f?.& in PH SM. ‘Is, and 9:b; 

buffer solutions, respectively. 
c 

Feed mixing will be done by commercial feed vendors ‘$dhy c&Ie ‘feedio~ c&&ions. 
* 

Commercial feed vendors are required to meet current UgQA and?IJA approved Good I’ ‘_ ; ‘t. (^,_ >’ “.” * .y :.., Jy,,z ,, “‘i .~_ ;, /., I (/ 
Manufacturing Practices for feed addi,++ B&e@ on the required manufacturing controls for 

/ , ,.. , feed inventory accountability and on the Iow-dust formulation, the potenti&for rekse of 

ractopamine hydrochloride into the environment from feed mixing locations will be low. 

An exposure monitoring study was conducted to determme the general airborne’ ” <; ,;. ,,y “,. /-,- ! . 
concentrations of ractopamine hydrochloride from the weighing operations in ‘a ‘feed mill ’ ” 

,,, .-‘ze.r>. Vi : ,~~>~~i~.,.~ ia- (Appendix C). The weighing operation was chosen since~ it routunely yields th’?‘&hkst .” ” 

detectable levels of ractopamine in personal samplers. In this study, a 10% foknul&on of 
! 

the ractopamine hydrochloride premix was weighed for 1 minute periods and 15 minute ,. :_ 
periods. Most weighing operations typically take only a few minutes. In 13, I-m&te 

Ir ’ 
weighing operations, analysis of respirator cartridges from samplers on individuals weighing 

the premix indicated an average ‘&borne concentration of 23.4: &/m3. I XhS1 __ Sample monitoring of . . . ._, -. 
the area 3-4 feed from the weighing operation indicated average airborne ractopamine 
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minute continuous weighing opt&ions ‘&d the levels were no high&. ‘These-lev& are 10 
‘1 

and 160 times below the Lilly Short Term Eiposum Guidehneof 246 -(i$rn’; resiectively 

(Appendix D). 

In a second study, personal monitoring for exposure to ractopamine hydrochloride during 
6. : 

a full shift was performed (Appendix E). Personnel perfoniiing~ihew‘eigm~ng and:bagging 
.~ I’ 

operations for 15 minutes were also assessed for potential short-term exposuk to ’ 

ractopamine hydrochioride. In”this study; a premix co&it&g ~~~ra&$&ririe ’ ,q_ ., _. 
hydrochloride was used. For the full shift exposures, the highestcoiicentratidri of ” ’ ” 

ractopamine hydrochloride detected in a personal sampler wti ~.182’j.tg/m3. During the 

short term weighing and bagging operations,‘the average expckt.ueswere’b.X4’tid . ~-_ ., / .f+ 
0.489 pg/m’, respectively. These levels of ractopamine hy~~~oride’~~‘s~~~tan~ally lower‘ ~ / 
than concentrations determined to be safe for short term (240.&m’) and full shifty I S_^. ,^ -“. _. , 
(17 pg/m’) exposures (Appendix D). The premix with 10% ractopamine hydrochkkide 

would, at most, provide exposures five times higher than those found”with thei’;% premix.~ I .- 
I”’ ^’ “. : 

Those high estimates, approximately 5 pg/m” for the short t&n a& 0.9 &m’ for the’fuI1 , ,_ I,/^ ,, .* 
shift, are still’wkll bel.w gdiadlih.i tor acceii;61e expd;uie“Ievei;* :‘srgnyfic&i ;xb:I)OS&;-f; -’ 

ractopamine hydr,Jchloride while performing operations with the premix in a~feedniill~is~not ” _ 
/ 

expected. 

j’ ‘ .^_, _,,’ .,. ” Ii)’ i 
_,^, ,.,. 3. _- Colorado, Ilhnois, Idaho, Iowa, l&n&, Mitinesota, Nebraslca, Ol&homa, So&Dakota, . . 

Texas, and Washington. 
. 

There is substantial &iation in the numbers of cattle finish&a iti ~&c&t~. 16;‘*&$6‘gt 

outdoor feedlot contains about 2OU%ttie with a’pen sp&% of’Tm’ft* per animal. cattle ,) I. . 

, 
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coming into a feedlot will stay a total of 186 days and receive ~acfopamme for up‘to the i&t’ ,- ‘_ i i) 
42 days. Cattle coming into thi feedlot will have an’average weight of 977’lb(&& kg> &id’ “,. ’ 

during the last 42 days in the feedlot, an average weight of 5~18~kg: At this stage,‘“&tttle ?vill .’ “. 
consume food at a rate of 2.1% (dry matter basis) of their body weight ‘per day. Thus, cattle 

i ,a. x .,(..e. ‘. -.‘: will consume 10.9 kg of feetidriy containing 327 mg of ractop&ine. Over 42d&s; cat& i ’ ’ I 8. 
will consume 13.7 g of ractop&dne per animal. A f&ity producing 200 he&/c& a&l’2 _1 ,~ _I ,. 1 _. ,, ,. J ,_ ! i .~ 
cycles a year couId use as much as 5.5 kg of ractopamine hydrooliloride or 54.8 dg of 

ractopamine hydrochloride premix in a year. 

If ractopamine hydrochloride were used for all of the fee,@@ cattle produced ‘in the Utiied _-_ ..I. _ )( ” 
States, at most, 3.5 x 105 kg of ractopamine hydrochloride would be used ech’ieti (13.7 g- . . 
ractopamine hydrochloridefaiiimal x’ (25.7 x ~iO6 animals)). This is-equivalent to the use of 2 
3.5 x 106 kg of ractoopamine hydrochloride premix each year. An optimistic mgket 

penetration of 35% could result ai -most, iti “& aiinual Use of $G$$’ 1:‘2 X%I5 kg of 

ractopamine hydrochloride or 1.2 x 106 kg of ractopamine hydrochloride premix each year. /-. , .___i ,___; ._ ,., r” _, j 
Airborne exposures of personnel handling ractopamine h&e been studied (Appendices C ,,, . ^ , 

and E). The greatest potential for exposure to ractopamine hydrochloride will be in the feed 

mill. Personal air sainplers worn during feed mill operatioiis~deinonstrate that shortterm ” 

exposures and full shift exposures are considerably below &e short te& exposure guideline 

(240 pg/m’) and the Lilly full-shift exposure guideline (17 pg/m’) (Section 6A- Appendix -D). . . 1 &.A a*.* ,S” -,_**-. aI .*L ,.; 
Significant exposure while handling ractopamine hydrochloride premix in the feed mills is ,. 

*_ .,.. 1 _t *iv<% ,rc.* ,_ ),.. ,‘a^ ,, *,A ‘. -.(a> ., %L. 1 s., 1 L. +, , i :. ,,~. not expected. Handling the premix’titei‘it is dilutedinto cattle feed would y:eld even less ,I / - - 
“_i I ,I 

exposure. 

Ractopamine hydrochloride may be introduced into the environment via the wr$te 

products from cattle. The‘majoF metsibolites excreted by cattle‘ye ractopamine .) _. : 
hydrochloride and glucuronide conjugates of r&ztop&nine hy&Ghlo;jfe “(Appendix fi. “ .’ 1 > .~ 

. . . * ,L1_ .R.“\, “,. Because the’biological Z&vity of these cd~jjugates‘isun~;;wn;‘ii &iiflk &&k~~ “t&it t’hk ’ ,,_“_ .- .,,_ -. 
metabolites have the saxge bi&Ioj$cal activity & racto&Gin~~h~dk&&&Ie. i%r &tde’f&d’i 

,x _” : : ,\ i I .:... 
., j .i 
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diet with 3qppm (highest recommended rate), essentially, all of the 14C-ractop@ne 1 _*--* c, Lyx ilj _ ,. ,. _*; .*I.*t!e*v-x*F. 
hydrochloride fed is excreted in the urine and feces, with an average of 45.6% in u&e and 

52.3% in the feces (Appendix G). Assuming that a 440 kg cow will produce aott; 30 kg of 
A.. -t “: ,_,.,,..-; x ,._. :: ,,,. A_ _ ., ” \a 

manure a day (Mia&st ‘Plan %&vice, l%$~~ttbe exIjected concentration of ractopamine 

equivalents in excreted manurewould be about 11 ppm (13:7 g / (32) kg manure/day x 42 “, . . . . ,(^‘ . I^ “IV<>. ,, )C . _ / :_ .;. / .,_._, /,^ .><. _xI ;_.c?l_j .__,. “.“.~~I*~‘, ,i,- j CT’,. . . i...S,~‘. :. -“I. ., 
days)). Assuming that allI of the excreta is collected for 1 cycle pnor to appiicauon to land, 

‘- / 

the racopamine concentration in -the‘ &inure wiq be 2.5 ppm ii3:7&$0 k&u&&e~day x 180 

days)). 

Several studies have been conducted to evaluate thk character&& of ractopamine 

hydrochloride which may influ&& its fate &the env&nment~ ~R$ctoPa%ne &&&h&e 
- ~f.ty”o,*.. s.i,/*.‘ I,\__ j .,+, .ri ,, ” , 

is solubIe in water (Appendix ‘A) .and-hya;oi~~il~~“~~~l~~~ the-normal environrnentai range 

of water temperatures (Appendices H and’I)I ‘Photodegra&ation of ractoparmne hydrochloride 
.I i - in water does occur so it %h no; ‘accumulate in the-aquatic environment. Photodegradation ‘,. .“̂  

occurred with half-lives of 16.3, ills; and 0.64 days 
,*;.jlxI $.i + -,a*+.” -i; ,.^ at‘~~‘~~~~~“d;t;“s~~~~.6, and 9:0, 

. \ 

respectively (Appendix J), Quantum yield and photolysis products were not determined in I( * 
this study. Accurate estimates of half-lives at other latitudes are ri& avaiiabie. Rac?o$nine ^ 

__” _ 1 ,_4 .j _,_,_ 3.3 .,; hydrochloride also degrades (66%)’ over %“day~‘in an aqueous.medla v&h actii;ated sewage’ 

sludge (Appendix K). Ractopamine hydrochloride strongly adsorbs to soil. with adgorption 
, _c L “, ,i- 

Ractopamine hydrochloride doGnot readifj;&sorb from soil.’ ‘?%e‘a&orpt~on coefficients 

(K,) expressed on the‘b& of organic content of the soils are’20;07;‘$6~8, and 2044 f&‘&y 

loam, loam, and sandy loam, respectively (Appendix L). Ra&ipa&&e hydrc&io&e is 
,_ substanti.ly biodegr;ldkd in +-fl i&--ly-g-l;; -,fution of cq a;&:~;=Iati(e.ar‘-‘&;& Jesidbes ‘. 

,_ _ _.,l,. 
from the molecule ( A&&iix’M). ‘Degradation products‘which doiidt volatiI&e a% strongly . 

” 
adsorbed to soil and cannot be extracted with acetone or methanol. The. d&ii& &‘t,he ’ 

_, ‘, ’ ,_ ,, 



, (  .“. *  ) .  

1 1  

a m o u n t o f rac topamine‘hydroch lo r ide  wh ich  can  b e  chemica l ly  ex tracted from  soi l  occurs  in  _ ,/_  
“, s 1  )i’L*$‘” : ,, p ,,zs ,_ ., S > “ f ““. : _  two phases  (Append ix  N) .‘ ?ci;e.r”l~ f-li~ ~ ‘~ ~ ~ ~ ,~ ~ ~ :~ rst ~ ~ ~ ~ ~ ~ .~ ~ ;;;t -i:i~ .a ~ ~ s . T h e  ha l f-life fo r  

th e  second  p h a s e  is a b o u t 5 1  days . : 
‘T h e  p r imary  m a n n e r  in  wh ich  rac topan; l ine .hydroch lo~~~woi ;l$  b e ~ i n t% iuced  $ 0  th e  

1  .,L ,. _ ,“. I. L ,. ( l_  l-.l _ , .., _  ,. .~  . ~  ,,, 
env i r onmen t is th r o u g h  use  o f ca ttle  excreta as ,feru l izer  o n , c ro&r rd . 

” _  -. I, 
B & e d  o n  ii{ relat ively 

: 2  . . .I ;I 
h igh  m e lt ing po in t a n d  o n  the i r ;ogr% vim e tic ‘a & y &  *measurab le  concen tratio&  cf 

a ”, 
rac topamine  hydroch lo r ide  wil l  n o t occur  in  .tiie  a tm o s R h e r e . ‘B ”& e d & - r  th e ’ s t rong ~ a d s o r p tio n  ., . .i ..“I _ ..” 
o f rac topamine‘hydroc f i lbr i$e a i id  its- % ~ ~ ;~ ~ ~ ~ ;O n  ~ r~ ~ ~ t,t,‘s ~ ~ ~ ; ;it-is’very;;; i ike;ly”ta t” -” ” 

res idues  o f rac topamine  hydroch lo r ide  wou ld  leach  th r o u g h  soi l’into g r o u n d & ter .’ -, , 
Rac topa rn ine  hydroch lo r ide  cou ld  b e  fo u n d  in  c rop land  soi l  to  wh ich  it is app l ied  kithcatt ie 

.I -: -  :: j _ ~  ..,,. ; 
excreta a n d  in  ad jacen t a q u a &  system s. “%  c o & $  a lso  b e  & & b $ ~  fo ’fiu d  measu rab le  1  
concen tr& o n s  in  th e  runo ff frcm  feed lo t faci l i t ies fo r  b e e f ca ttle . 

C a ttle  feed lo t ope ra tions  a re  opei l *‘lots th a t typical ly have  a  dirt floo r . C a ttle  e .xcreta ia; 

co l lected from  these  faci l i t ies fo r  later use  as  fee i t i l izer o Ii c r o p h & . C a ttle %  thes ;io ts have  ., ! 

app rox ima tely  2 0 0  ft’/h e a d . E a c h  a + m ,@  wou id  b e  fe d  a  to ta l  cf 1 3 .T g  o f rac topamine  1  ,” I L  ~  i ,‘I. .,,” .(. ,- i l _, .i, o,l.r.; I ,, ).. 8..-, j' - .- ih,.d5 il.. a -  

hydroch lo r ide  ( abou t tIK V 7  g & y ’fo r  4 2  days)  a n d  wou ld  excrete a b o u t th e  s a m e  a m o u n t o f’ 

res idue . T h e  h ighes t expec te d  concen trat ion o f rac topamine  hyd rocbo !or i ie  (  1 1  p p m )  a t a  
,_  (3 . 

feed lo t wou ld  b e  fo u n d  in  ca ttle , excreta.  ,A n y  excreta m ixed into th e  soi l  o f a  smal i ,  feed lo t 
, ’ 

wou ld  have  a  lower  concen trat ion o f rac topamine  hydroch lor ide.  

If d iss ipat ion o f rac topamine  hydroch lo r ide  from  e & e ta  occur red  a t a b o u t th e  s + e  ra te  -. 
as  it does  from  soil, on ly  2 9 %  wou ld  b e  left in  th e  excreta’a fte r  t& o  days  ( A p p e n d i ; N) . ~  --  . . ., “,~  . ., ,” ). 
Fur the r  d iss ipat ion wou ld  take  severa l  weeks . A fte r  in i$a l  d issipat ion,  th e  concen trat ion o f 

., . _ ,. _ , -  “.,,. ,” :.- ,. .; .( I” L ; ,,* <  I ,1 1  _ _ I._  1 . 1 : ,. , .: 
; I 

.’ L : 

. .,..,...--..A ”- , “. . -_  _ .- il .- .‘- , _ -  . --. ,. ._ . . _ -  _ _  ./..j/, ,_ ” . -. -. 



I2 
: - ,,t “.; ! ractopamine hydrochloride in excreta would be~3.2 ppm (1 I -ppm x ‘6.29). ‘The total a&unt 

of ractopamine hydrochJoridi remaining from e&h animal in a feedlot at the end ‘of a 

finishing period would be at most 3.97 g (13.7 g x 0129). 

i 
The highest initiai~concen~ation” of r&$&nine hydrochloride,in crop&d soil can be 

estimated from the highest expected concern&on in cattle excreta (2.5 ppm, Section 6c), .$. 
and from the use rate of cattie excreta on cropland. A reasonable estimate of”he gpphation _, ~ ,(i . / ,--, *,,e ,. ~‘“““,‘ I 
rate of cattle excreta as fertilizer is 1.8 x 104 kg/acre (Midwest P&I Service X9$5). ‘it is’ ’ 

^, ;-’ :. 
standard practice to incorporate-manure into the top six inches of soilto avoid losi qf 
nutrients jn mnoff* A six*inch d~&-&&&‘i& die, a&&kig~;;b&ut (yj ‘x ;i$ L.-l If 

, x 
ractopamine hydrochloride did not di&pate’fiorn excreta before it &as added to.ioil, the’ 

.” .j.. initial concentration of ractopamine hydrochloride iucropland soil’& be’c~cuh~ted to be & . _ 
high as 49.4 ppb ((2.5 mg/kg x 1.8 x 104 kg/acre) + (9.1 x 105 kg of soil/acre)). 

\ .-x ,... . / 
Ractopamine hydrochloride would dissipate from soil at a rapid rate (half$fe, t’. i days).’ 

Residues of ractopamine hydrochloride would dissipate from field soil by degradation and ,~, . 1”>.d”4.“.. ., : 
volatilization of degradation products. Ractopamine hydrochloride would’not~be &pe&ed to 

accumulate from-year to year in cropland soil, 
.‘, ,“ : :. “’ - 

Movement of ractepaxnine hydrochloride through runoff into aquatic systems could occur 

from cropland soils. While movement from feedlots is less ‘likely, because of contpiment , ,., i 
systems, it is still possible that movement into aquatic systems could occur. The highest 

possible aquatic concentrations of ractopamine hydrochloride would be found in runoff water 

before it is diluted by streams or ponds where aquatic organisms dwell. The half&es for ” . 5, ,,- ~, ,.“c‘̂  , I I..\ _,i,. ., ,- . ‘il. I” “i 
aqueous photolysis of ractopaniine’hydrochloride are 0.64 days at pH 9.0 and 10.5 days at pH 

7.0. Ractopamine hydrochloride doeS degrade in Soil tid’m ‘&‘%@eous m&$ with sewage .- : ., / ,./ ., >...,a i .:-..,r .II ,._ <,. .-._ 
_\ I .( 3 

,- . - ._ . /.. I . _  _“./ I ” \/ _ j  ^.. 

I, - 2  ‘.. -_ .-_ 
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sludge. Although the solubility of ractopamine hydrochloride’varies withthe ;H of water, ., 1 ..,,,^ “.” _;i .,, .’ ; 
the solubility levels at different RI-I values are high enough to have no impact on the ‘“1 -/_,., . _ 
concentration of the compound in runoff water. Based on episodic introduction of ’ 

ractopamine hydrochloride to surface water from runoff tid theX&ately short’half-life of 

the compound due to biodegraGation in soil tid photolysis, any‘exposure of nontar& aquatic 

organisms to ractopamine hydrochloiide‘would be of short durations’ ” ‘. ” ’ 

The highest theoretical concentration of ractopamine hydrochloride in two.inehes of runoff . __., .:L-i.. *’ 
from a feedlot c,~ be calc~,I~t~d. ~~sur;ii;lg 2l *e ~raciopd&.& fi>;a;bcf;i.b&~~.~~. g.fi+&$ j” .“? -*’ : . 

cattle was excreted as parent material, did not dissipate. and couhibe extracted from~ the 

excreta into the water of one two-inch runoff event, the highest theoretical co&en&ion of 

ractopamine hydrochloride would be 14.5 pRrn (( 13.7 g/anhr&%$ft2) (28.32 Wft3, x 200 

ft2 x 2 in x 1 fV12 in)>‘. Assuming ractopa&ne hy&ocbloride d&s&sipate fro& excreta, ,,.)” ,*, ,. >, .; ~, ejl .I, ,, .,>““4_“” ^ j 1_ ‘_ *( ,“, [.‘;’ 
the highest expected concentration ‘in runoff f&n a feedlct’~ould be 412 ppm (4‘g 

ractopamine hydrochloride in a 200 ft2 area). Well designed feedlots have catchment 
I * ..‘.S. ,: * -- - 

systems for this runoff. In some cases, however,. runijff may reach s&ace waters. 

The highest expected concentration of ractopamine hydrochloride.in cropland soil is . 
49.4 ppb. Runoff water from rainfall’could ciiy Some raciopamine’~~drochloride‘~~?m-- 

cropland into surface waters containing aquatic organisms. Because ractopamine /jl 
hydrochloride dissipates from soil with an initial half-life of ‘1. I’*dZiysl si&ifica$ am$nts of 

this compound would not be extracted by runoff events which occur more thaua weekafter _, 
manure is applied to the soil. If it were possible for aI1 cf the ractopainine hydrckhlofide 

incorporated into cropland with cattle excreta to be extracted into runoff from one rainfall I, >_,” ^‘ . 

event, a two-inch runoff’event would darry 45 g of‘ractopamine hydrochloride or O-2?! kg/L , .j_i _, i .i _) ‘,..I. “,. .II (.1% I * _ ‘, _ .* ,. (( . . ,,,., I ” ,_.” ._ _; .( 



. : 
(( 1.8 x i0’ kg/acre x 2.5 mg ractopamine hydrochloride/kg manure)‘+ (2in x, I(#794 L/acre- 

I.. ! 
inch)). All ractoparnine hydrochloride in the soil would not, however, be availabs for 

extraction into runoff. : 

The soil-adsorption coefficient (K,) would limit the amOunt of residue extt&reb from the 

cropland soil. The lowest K, found for r&cpa&ne hydiochlonde in so$,wiW14.~, which is . _ _, t sj 
the equilibrium ratio of the c&iceht&&r of’r&top”&ne in’soii‘&npared to the ’ 
concentration in aqueous solution (Appendix L). Assuming ractopamine is at equilibrium in 

,., _-_. _.” . / ?” : I ._ 
a slurry with equal amounts of water and soil (g/g), the arnoum of’r&opamine in the water 

would be about 7% of the total (l/( 14.5 +I)); In a slurry with less water than soil, ‘a lower 

amount of ractopamine would be found in the water. If the level Wofiactop&ine 
^, 

hydrochloride that could be extracted from s&l is, at most, 7% then the hiihest concentration 

of ractopamine hydrochloride In two inches of runoff would be about 0.015 pPm (6.07 x 45 ~-. 
g/205,588 L). This estirriated mtilimumconcentration of ractopamine hy&chlor$ie in 

runoff water is base~d, cn the unlikely assumption that the run$f water would t$ in eontact ^,: I,,&(_. -,I, _~, -.. . . _” .,. . ! 
with the ubper six inches of cropland soil long enough to allow cdntentrations of 

: _ 

ractopamine hydrochloride in the soil’and water to come to equilibrium. 

It is unlikely that ractopamine hydroch&ide would persist in natural b&@&&f v#+ter for 
I ~ I... I (, 

any significant length of &me due to its &ce$bmty to phetolysis and biodegradation. The 
I. photolysis half-life of ractopamine hydrochloride in sunlight ranges from 0+4 days to 10.5 . i 

Based on the episodic ‘intro&$& ofractcpamine hydroc”~oride’into’su~~~e &er fro”m ’ 
5 

runoff and the moderately short half-life of the eom@und, the duration of &y exposure of 
_. 

non-target aquatic organisms to ractoptine hydrochloride )is probibly short. ” 
, I  ^ t- i __ , ,  

!  

,_ ,‘ _ 

_.. i_ ” 
_ . . , . . . _ 

,: ,, -. “,, iI / 

: 
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Aquatic organisms could be exposed to very low levels of ractohamine hydrochloride .- 
when runoff occws from surrounding agricultural fields. Substantial biocondentration of . _’ _. .b.,, ‘ >( ,, ,. - ~, / L 
ractopamine hydrochloride would not be expected based on the relatively low 

n-octanoYwater partition coefficient. Neely, Branson, and Blau ( 1974) developedi B 
^ ,,I i 

regression equation for projected steady-state residue concentrations in trout muscle versus 

measured u-octanoYwater partition coefficients for a variety of synthetic compounds. . . 
Log BCF~(biocokenkation~facto;) = 0.542 (log’ k,)’ < 8 124’ ‘ 

Using this equation, and the highest experimentally derived log kOi value of 1124 (Appendix 
,‘/“‘-- .’ B), the predicted BCF for i&toIkmine ‘hy&cbloride~is 6.j.‘ This’ &uiated BCF indicates 

that 6.3 times more ractopamine hydrochloride might be found i&h mu& than in the 

surrounding water. If fish only lived in cropland runoff water containing the’highest 
j. ” 

expected concentration of ractopamine hydrochloride (0.015 pprrij, the highest’concentration 

of ractopamine hydrochloride in fish tissue would be 0$9 ppm (6.3-x 0.015 ppmj:’ I%lution I 
of runoff from cropland soil and the short half-life of ractopamine hydrochloride ii water, 

would combine to rapidly reduce the actual concentration of ractopamine hydrochloride to 
1. I 

which fish could be exposed. Given the episodic nature of’exposure, ii is unlikely that i, _ 
substantial amounts of ractopamine hydrochloride would be bioco%entrated dy aquatic 

organisms. 

An in-depth testing program has been completed with various~laboratory animal: species 

and ractopamine hydrochloride. Complete reports of ail of these studies have been,, submitted ., / ,. ,) .Ij . 

to support the proposed action. Studies which help determine thesafety of~ract&&nine , 
hydrochloride to the public and the environment are briefly &~ribed‘bkIo~.~ ‘*” ‘- ’ ‘.’ 

.,. ./ .., , > i 
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A cu te  a n d  Subch ron ic  S tud ies  W ith  k a & o n & e  Hv . & .* ,‘fi-“-‘.;d e  -’ _ “’ 0 ~  Jon  :..i 

*ral  M e d i a n  L e tha l  Dose  fd iTCR ,M icei. 53d i” -@ & . f&  .‘& & ‘gj  n g flcg’:i’o ; i e & d e &  . . 

O ral  M e d i a n  L e tha l  Dose  fo r  F ischer  3 4 4  R a ts: 4 7 4  ‘m g /kg fo r  ‘m a les; 3 6 7  m & g  fo r  -I 
fema les . I 

I n t r a p e r i t o n e a t  M e d i a n  lLe ths i r  D o s e  fdr”‘Fischer 3 a  R i G : ~  - & y . % & g  f6 i“&~esl  ‘if* G g f l c g  ” . 

/ 

fo r  fema les . .,, E n trave**us In ject ion in  B e a g l e  Dogs : h t ravenous .i/fusio,&  o ~ ,~ .ii~ ~ ~ ~ ~ ~ ~ ‘~ v ~ ~ ll~ ,~ ~ *~ s  .\ 

p roduced  inc reased  tachykrd ia  a n d  dec reased  b lood  jkessure‘ ’ ’ ’ 

In t ravenotq in fus ion in  Rhesus  Monkeys : In t ravenous in fus ion o f 0 .0 3 5  m & g  obe r  IO  

s igns o f system ic toxicity we re  obse rved  fo r  I4  days  a fte r  a  dose  o f 2 o o d  m & g  body  
:“I 

we igh t was  app l ied  topical ly  to  th e  skin. ‘N d .com p o u n d - r ~ ~ ~ ~ ~ ~ I~ ~ ~ n Z ;‘were’fb ~ ~ ’in a  

g ross  p a tho log ica l  exam ina tio n  d f th e tes t,~ i@ .a K  r .*,% a  . . ,“’ ‘. . 

O cular  Irr i tat ion in  Rabb i ts: M i ld ko rn&  opac i ty, sl ight to  markkd’iritis, *and  & g h t’t&  
: ; ” ,n ,,” ^  m o d e r a te  con junc tivitis occur red  wi th in 1  hou r  a fte r  doses  o f 2 3  m g  o f r a & o & n i n e  

.‘“’ )’ *.-: I 
hydroch lo r ide  we re  p laced  in  th e  eyes  o f rabb i ts. C o m e a l  a n d  i r idal  i rr i tat ion c leared  in  

f ive o f six t reated eyes  wi th in 7  days : A ll i r r i tat ion c leared  w & in’“1 4  d a @  ’ 
“,I, _ / ““p .“‘,.. i, j,) 8  Ij I 

Inha la tio n  by  F ischer  3 4 4  R a ts: T w e n ty’ r & w e r e  e x ~ e d ”fd r’4 ”h o u ;s‘ to  each  r a q o p a m i n e  

hydroch lo r ide  concen trat ion used  in  th is  study. T w o , e igh t, a n d  seven  ra ts d ied  from  )/“” ,. .‘. ,;> . _ / .,i :.- ,,-“- ..(_  /-r; I -  ,I.‘ “._  ,. 
exposu re  to  rac topamine  hydroch io r ide  & e lls o f 1 .1 3 ; 1 .9 6  & $ 2 :$ b ’ $ rn’, res~c tiveiy . I “i ,. -.“:a r  ‘“-;p :,.a ,-, _  N o  ra ts d ied  from  exposu re  to  a  rac topamine  hydroch io r ide  concen trat ion o f 0 .$ 3  g / rn3 : 

T h e  4 -hou r  m e d i a n  lethal  concen trat ion o f rac topamine  hydroch lo r ide  was  2 .8  ‘g / m ’. 

S igns o f toxicity inc luded  hypoac tivity, dyspnea , we igh t loss, poo r  g r o o m i n g , a n d  dry  
._  

nasa l  e x u d a te . H e p a tic conges tio n  a n d  foca l  thymic  h e m o r r h a g e s  we re ,p resen t on ly  in  

an ima ls  wh ich  d ied  fo Ilow ing  exp‘osure’io 2 .5 ‘0  g / m ’. F ive fe m a l e  ra ts wh ich  d ied  du r ing  .’ (. /.a ^  ,*,.,a  / .d X  $ ,.” .> i .+ ,..,‘“,,; ,...-_ ._  l. ? ” f 
’ ‘, /: I. ,. 



, , ___  x_ .  ~ . )  : ,  

exposu re  to  1 .9 6  j$  & r’ d isp layed di latat ion o f th h ~  vag ina l  or i f ice + n d ,vag&a.  N o  gross  

les ions we re  obse rved  in’ ra tswhich surv ived th e  ful l  two weeks  o f th e  study. 
,, .- .i , 

15 -M inu te  Inha la tio n  by  Rhesus  Monkeys : S id  consc ious r ru&&&rs  ruonkeys  W e r e  ” 

exposed  to  rac topamine  a t ave rage  ac tivity concen trat ions o f 0 ,2 .4 , 1 3 .9 , a n d  2 7 .4  m g / m ’ 
, ., - -  “- > .‘.. fo r  1 5  m inu tes . T h e  mass  m e d u tn  equ iva len t ae rodynamic  d i a m e ters  o f th e  ae roso !i we re  

1 .4 , 1 .6 4 , a n d  1 .4 8  m  fo r  exposu re  concen trat ions o f 2 .4 , 1 3 .9 , a n d  2 7 .4  trig/m ;, 

respec tively. T h e  ac tivity m e & n  equ iva len t ae iodynamic  d i a m e ters  w & e  : 1 .4 0 ,’ 1 .6 3 , a n d  

1 .5 6  p m . Hea r t ra tes  we re  m o n i to red  b e fo re , th r o u g h o u t, a n d  a fte r  th e  expusu re  pe r iod . 

S ignif icant inc reases liti hea r t ra tes  occur red  a t 1 3 .9  a n d  2 7 .4  m g lm’. T h e  no -observed-  

e ffec t concen trat ion fo r  a  1 5 ~ m inu te  exposu re  to  rac topamine  $oso i  was  _  .” 1  1  

2 .4  m g /m 3 . 
,. 1  

C o m p a r a tive B ioavai labiI t i ty’o f “C- I iydrochlor ide:  Y o u n g  fe m a l e  beag le  dogs  and~ rhesus  

monkeys  we re  admin is te red  a  s ing le  ora l  dose  o f 0 .1 2 5  m g /kg ‘%  - rac topamine’ _i-/. ‘. ,_ i”./.,~ ‘ -,“,“, hy*ochlor ide,  Dur ing  th e  first 7 2  h d i i ~ ~ ~ ~ ~ ~ a ;~ ~ ~ ~ ~ ~ ~ ~ ,~ ~ ~ ~ ~ ~ ~ .a n h  & :‘g g f ;.&  
_ , :.~ a . y ~ ~ :2  * > L . ,“.j ,( (  _  I, ~  * j, ._  ,.*/1  .,, ,, A  (_“,,,V  j ” ,, ,. /. < j > ) .“. 1  I,)” ,a*  ,., -. _ _  _ _ , ., “,, .““? .,.-. .:: I”. ,’ ,-j .,-. .-‘“~ :“~  .,_  j’i ‘..~ ‘& ~ ~ .;~ ,.:l”; *_  I ,(, ,, 3  

rad ioac tive dose  was  recovered  from  th e  d o g  a n d  m o n k e y , respec tively.” M o r e  th a n  9 0 %  

o f th e  recovered  rad ioac tive dose  was  c leared  du r ing  th e  first 2 4 ’hours . ‘Ur$e’w &  t$ e  -. .’ A  _ .- / 
m a jor  rou te  o f c lea rance  in  b o th  species.  _ . / t 
P lasma  a n d  who le  b lood  levels a fte r  admin iS i ra tio n  o f “C  - rac topar&ne  hydrocyor ide  to  ,_ ,,” /_  j / _  
dogs  a n d  ra ts ind icate th a t abso rp tio u  a n d  el im ina tio u  o f th e  rad ioac tive doses  we re  fair ly 

rap id . P e a k  b lood  levels occur red  1  to  2  hou rs  a fte r  ora l iy  dos ing  dogs  & rd ;b .& $ ‘ci.$ o r  

5  m g /kg (excep t fema les  a t 5 & /kg ‘p e a k e d  4  to  8  ‘hours  a fte r  dos ing) : i’h e  ‘el in$t iou.  ’ 
,,., 

ha l f-life fo r  rad io labe l& l  n & e & & o &  th e  p & r &  -aud  who le  b lood  o f dogs  & a s  

app rox ima tely  6  hou rs . P e a k  b lood  levels occur red  wi th in 2  hou rs  a fte r  ora l ly  dos ing  ra ts _ 1  
with 0 .5 ,2 .‘0 , o r  2 0  m g /@ . ‘T & e ’e b r & r a tfo n  h a .$ ~ ~ & ‘fro~ ’ p l & m a  a & d  -wbo le’b io’o d  o f ra ts’ Is .,;_ . ,“;w( //. 1  ., 
was  a b o u t 7  hou rs , excep t fo r  m a les d o s e d  a t 2 0  m g /kg ( abou t 1 5  h o t& . ’ , \ 

A cu te  O ral  S tudy  fo r  Card iovascu la r  E ffec ts in  th e  B e a g l e : L e ft ven tr icular ino tropic state, 
._ > _  ~ _  ,- I, _  

system ic a r ter ia l  p ressure , hea r t ra te , a n d  e iec t rocard iogra ins  we re  reco rded’ f&  & & cious, 
/ -a  ( j_  ,, ” ‘._ .. ^ . , y’i-‘; : j , ( i  * ,,:: ,..I,‘-.~ : ,: .‘l , ‘,,.;, ^  :,,;,c 3 ;. ;, ,’ : i, ‘. I. I,, ‘. ” ., ,- ,$ r” _ _  .i.-‘.~ .“-+  ,a ;,“~  $ I ,i :, *,, IIC j  .I, ,i i 

8 , :-. : 
. 

,, ,..-,. ,.j ,, .1  (_  : ,, .I,- _ .(, . . . i .s,- ” , ; -’ ( ^ . _ -  
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insuumenie;d’bbag~e~‘e~~~se;i‘to dos& of “&topa&ne hydrochloride. Animals were 

tested using a double latin. square design that allowed for assessing residual effects. The 

doses of ractopamine were 2.50, and 125 ug/kg. Dose-dependent increases in heart rate 
. t 

and left ventricular inotropic state were found at;the SO- and ,!25- @kg doses: There was /, j ., : . . . . _. 
no residual carry-over effect from one treatment to the next in the Latin square design. 

Aortic pressye, bothsystolic and diastolic, decreasedat, the tvvo~biighest ‘&ses! ‘T&e 

highest dose resu1ted~in.a decrease in aortic puke pressure. Treatment-related effects on ; 
electrocardiograms were, not found at any dose. No cardiovascular effects ~werc found for 

dogs treated.with ractopamine h$rochlo&ie at a dose of 2 &/kg. 

. 

: .)I I 
-. _ ’ -.’ “‘“:” ” 

I,,“,, “.‘~,. , (. ^ 

Three-Month Rat Study:: Ratswere fed~diets&$tainirng 0, 6662 ‘b‘.di, and 6.2% ’ ,I _I, fi _^_. -I .r,j,.r~;‘,,.~~ ^,,,.. /i _ _x (‘AI‘ .,-ri A.” .,-^- . ‘- _ ,’ . ./ , ‘0. 
ractopamine hydrbc‘hfbii&. ‘The time-weighted average da& ‘dose of rac&a&ne 

_’ 

hydrochloride was 0, ‘1.3,‘13.4,‘or 152.9 tigkg for males and 0, 1.4, 15,3,-or 15$,8 mg/lcg 
3. .~, /. ;, w l,< ,, :. _ : ^ ._ 1 /i, *,A \!... ,<- ;. “*. 

for females. ‘No tre&mor&rela& ef$~s’&re &&ve$ in mts fed a diet &nt+ning 

0.002% of ractop&ne hydrochloride. No mort$ties were observed up to the highest 

dietary level tested, 0.2%. 
:i j-. y+ ,~ *it- a” VI ..” >j;, ‘:;,, ,: ,.:+” 2 4 (‘ ,. 

Three-Month Mouse Study: In this supplemental stud< Xn&ek&$?e~ +ets contynmg 0.0, 
‘6.“. 

0.02,O. 14, and 1 ?O% riictopamine hydrochloride. This resulted in estimated time- 

weighted average daily doses of 0.0,25, 175, and 1250 ing/kjg/day. &l’thk”rni+ ‘suk&ed ~ ” I._ ^~ ._ 
without clin&l signs of toxicity. Only subtle.‘~ff~~~-~n’t~~weight of testes wem.found 

nasogastric gavage to monkeys in doses of 0.125 mgkg one time/day for 3 months. No 

effects were found on body weight, food consumption; he& rate, or eleotrqcard’ogram 

wave forms. 
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O ne-Year ikg Stidy : &$aoses’of d:i 12,0.224; and 5.& mg raetcpamine’* 
1 

hydrochloride/kg weie.adrqinis tered daily  as the Z% “r&urri&i&‘~re&x. ‘Treatment- 
,. i ‘ .: )_ _,.*x_ .- I 2; _ 

related effec ts  on c iinic&‘ob&vati&s, heu&olo& and c linical chemis try pa&eters, -.., 
organ weights , and pathology  were Iimited to the high dose group. Except for:rksting 

bradycardia which returned to near normal in afI dose groups during the i&t 6 *months of 

the s tudy , the no-effect 6ose was 0.224 mgAcg/d&y. ‘Comptieii to p&ate;; thk  dog” w’as 
,. 

more sensitive to the cardfovascular~effec ti~of racto&m&e~hydrochloride~ 

O ne-Year Monkey Study : Rhesus mo&eys (4lsex ldose) weA dosed daily  by n$gastric ,, /‘.. _ ,. 1 ” I” ,. ,^ I ,_ I’*,-. 
gavage with ractopamine hydrochioride (0.125,0.5, or 4.0 mg/kg> for one year. controls 

_., ,. lli $ 
received purified water. &II r r~o@ceys surv ived the treatment period and no c linical s igns  1‘ ,.: .,~,,.. 
attributable to treatment were observed. Food consumption, physical and c$hthahrric’ ’ ’ 

examinations , hematology , c linical chemjs try, urinaiys& and’gross ‘and microscopic  
: 

pathology  were not affec t@ by treatinent. A s ignificant increase in body weight occurred 

in the monkeys at the high dose group. Treatment-related increases in heart rate were : “, . . ” :, r i:4 r<.,, ,” . . . . ““.., /, x I,1 <,..j” ,l.d, “(” ._,,,. . ” ,, 
found for the two high dose groups. Resting or &&time heart r&es were also 

i 
s ignificantly increased at thesedoses compared to c&rois . -_ -  Heart weight relative to body ,‘ ., .-; 
weight was lower in females in the top L W O  dose groups and a &ilar treni for heart 

weight was observed in males . The number and affinity  of h&“t’beta adrenergic _I 
receptors for [‘Hldihydroalprenolol was not affec ted. There was a decrease in the number 

.,, i ./ ,. ^  
of lung beta adrenergic receptors in monkeys of both sexes in the high dose group. The 

no-effect dose for this  s tudy  was 0.125 mg/kg/day. 

Two Year Rat O ncogenic %udy: Rats were adminis tered ractop&ne hydrochloride in the 
, 

diet for 2 years. &Me rats were adminis tered daily  .dietary  ~doscs’ofapproximatily  0,2, 

60, or 200 mg/kg and’females , 0,2,60,200, or 400 mgtkg. Sutrival was s ignificantly “’ j ” ;~..j.~-:‘ 
increased at 200 mg/kg for males  and 4O@m$kg for females . Survival in maleswas, 

23% , 30% , 18% , died 6& at‘doses of “0,2: 60, and 20dmgikg, respectively . For females , ,c . 
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_ .. .” I s u i c i i i v a ) fre q u e n c i e s  w e re  5 2 % , 6 3 % , 7 5 % +  6 3 -~ ,-‘a n d ‘7 ~ ~ ‘,~ ~ ‘~ ~ b e s ’o C ’O l 2 ,.6 &  2 O & u i d  ” 
_ ,. ‘. “‘: 

4 0 0  m g k g . In c re a s e d  s tk v i v a l  w a s  a s s o c i a te d  w i th  d e c re a s e d  b o d y  w e i g h ts  a t _ . -’ _ _ ‘,^ X  
1  y e a r. F e w e r d e a th s  fro m  c h ro n i c  p ro g re s s i v e  n e p h ro p a th y  i n m a l e s  a n d  fro m  n e o p l a s m s  _ a ,,-< - ,.“,/‘ -_  -  
i n  m a l e s  a n d  fe m a l e s  a c c o u n te d  fo r m o s t o f th e  i n c re a s e d  s u n ri v a l . N o  a d v e rs e ’ 

.‘, I*  + & L \I ‘,(..“‘-i  .u c .: , ̂ , ““.l .“( ._ .. i r;.~ ,c ... I.” “) ” ,+  _  / )... ,..c  .; c o m p o u n d ~ re l a te d  c l i i i i c a  o s ;;~ ~ i ~ ~ ~ s ”~ ~ ~ z ~  .& -e & ? ~ ~  a n y  d o s e . T h e  o n l y  tu m O r w i *  

” _ _  ‘i ta , ). ,J ;..- ̂ 1 / ) -  i ;, .,, i n c re a s e d  i n c i d e n c e  w a s  l e i o m y o m a  o f th e  c o s to -u te r i n e  1 i g a m e h t”i n  fe m b e s . ,T & s  w a s  i :- -, *  L , .+ >  

a n  e x p e c te d  p h a rm a c o l o g i c  e ffe c t a s s o c i a te d  w i th  p ro l o n g e d  e x c e s s i v e  s ti m u l a ti o n  b y  p - ,.._  I I‘ ~ ‘ *  ,: [ :‘I j  . 
a d re n e rg i c  a g o n i s ts . o th e r P -k b e n e rg i c  a g o n i s t e ffe c ts  i n c h i d e d  a n  i n c re a s e d  j i n c i d e n c e  _ _  (  /“I_ , “,_ _ . I, 5 , -  9  
o f s l i g h t to  m o d e ra te  c a rd i o m y o p a th y  w i th  fi b ro s i s  & d ’~ m u c o u s ’c e l l  h y p e rtro p h y  o f th e  

s u b -m a n d i b u l a r s & & y  g & ri d  i t th e  l i i g b e r% o s e s . ‘fi e ~ u o -o & rv e d -a d % & &  e ffe c t’o o s e  

” . 
a n d  fe m a l e s  e x c e e d e d  th e  m a x i m u m  to l e ra te d  d o s e  a n d  m o rta l i ty  w a s  a ttri b u te d  to  .,” _ I,. .j c ” 
c a rd i o m y o p a th y . N o ~ a d v c rs e  c o n p o u n d -re l a te d  c l i n i c a l  o b s e rv a ti o n s  w e re  n o @ ,d S t a n y  

-. 
d o s e . T h e  o n l y  tu m o r w i th  i n c re a s e d  i n c i d e n c e  w a s  l c i d m y c m a ‘o f th e  u & r &  i n  fe m a l e s  ,. _ ; /, , ” ,1 ., 
a t th e  tw o  u p p e r d o s e s . T h i s  w a s  a n  e x p e c te d  p h a rm a c o l o g i c -e ffe c t a s s o c k te c i .i k th  ,’ -  / (I 
p ro l o n g e d  e x c e s s i v e  s ti m u l a ti o n  b y  /3 -a d re n e rg i c  a g o n i s ts . T h e  n o -o b s e rv e d -a d v e rs e  

a n d  f e m a l e  r a t s  w e r e  m a i n t a i n e d  o n  ‘ d i e t s ’ d o n i a i n i n g  o ,  o ; l m 2 * r ~ m ~ , *  i i ” . s 6 1 ;  6 ;  , @ g  i . , ”  < -  --  i  -  I I  ‘” 

: .  1 . .  ” 
; , . . . :  . , , .  ‘,. % )  _ . .  

t  

ra c to p a m i n e  h y d ro c h l o r i d e . T i m e -ti e i g h tc d  e s ti m a tk s ’ fo r c o n k p ti o n  o f ra c td p a m i n e  _ ” ^ ’ 6 , 
_ _  i  - h y d ro c b to r i d e  b y  b o tb ’g k n e ra tl o n ~  o f m a i &  w e re  0 ,O . 1 5 ,1 ’.4 , 1 ’5 , a ti d  i ’6 D ’@ $ @ & $ .‘~ ’ ” 

,.: _ ) “, , ,),,.I _ , ,_ .” :. I “ “’ _ ,~ : .; 
--. . ^ .._  “. I^  j _  .: i  

‘ 

.” // 

_  _ .” ._  . . -- ~  * -  _  .:1  ,_  _  _ ,.‘Y  _ .I -,. _ . ‘. _ . >  ; ” : -. .._ ;_ _  - ._  *  _ _  . 
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^. 
R a n g e s  o f tim e - w e i g h teaks tin a tes  fo r  c o n s u m p tio n  o f rac topak ine hydroch lo r ide  by  ‘. . 
b o th  g e n e r a tions  o f fe m a l e ~ .du r ing  dif ferent l i fe& a g e s  we re .& 0 1  1 2  to  O ii7, i.3  to  I$ , ‘1 3  _  

to  1 7 , a n d  1 4 0  to  1 9 0  m$kgk iay . T rea tm e n t-related’toxicity was  fo u n d  on ly  fo r  ra tsat ‘ +  ““I j . tfie  h ighes t t reatment  li”ei,.o~ 2 b /o ~  “T ,“ti.adi i l i  ga les  ..+  6 6 ;~ & ~ ~ .f~ ,& ‘-‘L$- i -  ;, thk  ” * 
/ 

h ighes t t reatment  level.  T rea tm e n t-related depress ions’in body  ieight,  body~e igh i‘ga in , 

a n d  e ff iciency o f fo o d  u ti l ization a t th e  h ighes t t reatment  level  we re  expec ted {  because  
ractopt ine hy&oc~o i i i l e  is a  tie h b g e G i b  s - , pa th^o$g~ i~&&.e m  & f& g  . * 

_ ._ _ .., _ , -: ‘. ” 
pe r fo r m a n c e  a n d  fe r tility we re  n o t adverse ly  a ffec te d . T h e  p ropo r tio n  o f’l ive!fetuses was  ., ._ I I ./ .,. _ . 
sim ific.tjy depressed- i . & ~ 0 .2 ~ ~ ‘~ ~ ~ ~ ““& ~ ” to  i nc~~es’;~ ~ t~ ‘ea r ;iy’~ d .l~ ie  

resorp tions . D e v & p m e n ti toxicity seen  a t ‘th e  b .2 %  lkvei  W &  a ttr ibuted’to ‘ j ’ 
_  .,< / _  -  ,, ~ ,, zl, 5 , ‘_ .” 

phys io log ica l  changes  th a t m a y  b e  assoc ia ted with ~ d m i in ished u te r m e  bkkd f$ $  a t& o r  / 7  <  .: .i : :. ,, ‘, 7 ” ,‘_  “. ,’ 
m a te rna l  a n d  fe ta l  b row  ad ipose  th e tiogenes is . ICnFla a n d  F 2 b  lttters, if& ? & e , 

ges ta tio n  survival ,  p rogeny  survival ,  a n d  body  we igh ts we re  signif icant ly dep ressed  in  th e  
I’ i . . 

th e  h ighes t f requencyk i  u e o n a ta i  a n d  pos tn a ta l  p rogeny  o f th e  0 .2 %  g roup  o f th e  F la  a n d  i.” i 
F 2 a  litters. In  add i tio n , th e  inc idences o f abno rma l i ties-  & @ h , inc luded  e & e m &  cleft:, .’ _ “_  i _ _  1  

pa la te , lim b  a n d .sh~ u l~ ~ r’8nor i ip l ies.  b -hysna th ia‘;h ro t;u ; i ing to n g u e , a n d  o $ e n  e y e & , 

we re  inc reased . 

F requen tly o b s e m e d  abno rma l i ties  in  th e  0 .2 % . g roup  o f th e  .$ 2 b  l i i ters n & d e d ‘e & m ~ ; *’ i, 
hyd ramn ios , m isshapknscapu la , a n d  lim b  anoma l ies . O the r  f requently obse rved  _ ./“, _ -  : I ,. ,_  ,., ~ j l_ / )_  _ . ,< A \*. *:.& d ... -4 , b  1  ~ .i‘...L ~ ‘.~ ..:,~ ~ :~ “~ -.,~ ,~ ~ i; /j> ,~ . > _ . i a -_  “‘1  d e v e l o p m e n ta l  var iat ions in the0.2%  g roup  o f th & ~ ~ ~ b ’h tters  ._  m c luded  m comp ie te  , “_ ,_  _  -  . I” ̂ . ., II . ,I . 
‘ossi f icat ion o f th e  ca lvar ia~~r ibs ,  ver tebra l  a rches , ischium; & d  pub is ; ~ a & & ~  i . ’ ,, (. ,, /- ! 
hemor rhag ing : wavy  r ibs: a n d  m isa l ignment a n d  incomp le te  fus ion  o f s ternal  ba rs . 

P a r e n ta l  a n d  d e v e l o p m e n ta l  toxicity we re  n o t fo u n d  a t d ie tary  ‘concen trat ions o f 1 . 

rac topamine  hydroch lo r ide  fo r  m a les exposed  to  thc  d .O 2 $ 6 ”d ie t w &  1 3  “n&kg lday . For  / .,, /’ )I _  ” ._ . < ,” .- ./ I, 1 , _ , (. 8 . , 
,. 
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,,,/ “_ y.G*..& ..n 1 . ,.,. *,“” Id_ ̂ I -+.j_j, 1,x .,w I.8 ““‘y -7‘ .’ “.“a ., ,~:~,;r*‘.i-,‘,‘.l.:.. j-V.” ,.*,. ‘* _ Subchronic inhabition Toxicity S tudy m  Rhesus M onkeys: In a prlot study, rhesus m onkeys ,:_ , :. 

(Usexltreatm ent) were exposed to aerosols of ractopam ine hyifiochlcride~for 4boursjday _ 

for 2 to 8 days. Exposure to 23.8 m g/m ’, the highest concentration tested wasstopped 

after 2 days because of a near m axim al (250 bpm ) increase m he& rate that persisted. i ” 

until the second day. Exposure to trer&r$ent levels of 6&2 and l.@  m g/m  were-stopped l; > 
after seven exposures. The lowest exposure level, 0.38 m g/m ’, also resulted in significant , “r ,.,....‘_ . _. j.__ .-‘a,.. ,., _‘. 
increases, in heart rate both during exposure (daytim e) @ rd~afiJe;‘exposure inighttim e). 1 
The increased heart rates at the three high&t levels tier&ted afier’tkatke& ‘k&s stopped 

and required approxim ately 2 weeks to return to,norrnal values. $0 treatm eut~reiated (. I . 
changes occurred in body weights, organ weights, food consum ption, hem atology, or 

clinical chem istry param eters. No trekm ent-related grosS~or~‘rnicroscopic ‘h&&s were 

observed. !. 
%  _#,“_,%_/ -,., ,... “. - In the definitive study, rhesus m onkeys (iisex&atrr&nt) were exposedto a&&&of ” ’ 

.i.. :. ,i ractopam ine hydrochloride for 4 hour$day for 8 days; In order to detect any increased 
‘-, ! 

sensitivity folIowing an exposure free period and to sim ulate potential ex$sure to 

hum ans, the m onkeys were exposed daily for 5 days, not exposed fdr 2 dais, then 

exposed again for 3 days. Aerosol exposure concentrations of racto&unine hydrochloride ,( ,_,^ “, ,,i , ,. I_,.&^. 
in the aerosols Were.0 (air control), 0.05,“0~17~ or’O.ti,m $m’. 

All anim als survived to the end of the study. No clinical Signs of toxicity ‘v&C . 
observed. No toxicologic~~~~im~ort‘~;l~ ihLges ocgu&d $ body wgiiht;, f;;o’;l .’ ” __ 

_1 ” ” i--. I- 
consum ption, hem atology or clinical chem istry param eters, or in organ weights. There 

were no gross or m icroscopic tissue changes related to exposure to ractoparnine 

hydrochloride. \ 
Heart rates were m onitored during the 4-hour exposure period (daytim e values) and 

during &hour postexposure intervals (night time v&u&j. A  slight, but s$$dickt 
*_ : _: :-. ,< , ,; ;;_, _I” il.:- x,c:,a*~,b,Jr,y,,;;; .:,,,“‘b . -3 i/ ,1,_% _“. “..., ,” >, .,- .” .” t.l 2 s: ‘,C ..,tt -_ “% . *:\“%*  .- ,,,_x I, “__ >,“i++,- .,r,~,.,^.r~-r..“iQ ..,~. _Y . I. -< , “> /_‘,a. ,. -’ i;: ‘;A. _^’ 1 ,_‘a ,_ ~.., *’ : a. _,“l.Q ^’ 
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I increase in heart ratewas~foun$ for nighttime, but not daytime values, from ti:onkeys 

exposed to a ractopamine hydrochloride concentration of 0.44 mg/m’. There ik no 
. , j_ I.. ,_ - 

evidence of a cumulative effect& heart rate following re$eated~ex@&res~to ractopa&e 
._. ., i 

hydrochloride. No significant changes in heart rate were found for daytime or’nighttime 5 ._. _., i 1*,’ ” ‘I.,,.1 “: j.. :,; . .., ,/). ,7 / 
measurements at ractopamine hydrochloride treatment levels of 0.17 or : 

0.05 mg/m’. I , 

protective clothing, impe&ous &es: protective eyewear, ana a &IOSH-a$i;oved dust _. 
mask when mixing and handling the product. The time for greatest potenti& eiposure to ,a .__ - s .., ., J, 
ractopamine hydrochloride would be during the weighing of the premix atfee&tills,‘but , _ _ , /i. ,_ “. , , ..j ^a , _“A, e _ -. . . _^ ~/_ _‘,< ,_*. _, a- i”. .I 
this only requi&‘a f&ininutes. 

/,_ ;. 
An’average co&e&a&n of 6.0234 mg/m3 has been 

measured in personal samplers during this weighing operation. A dust m.a$c should / * * 
_j 

reduce concetitiauons during this shoti exposure’by a fictor of’at least 5, tc levels at or 
I j 

below 0.005 mg/m’. Detectable concentrations would normally not be found around 

operations such as feed inixiing”and bagging: “I& speciai precautibns &ill be ” ’ 

recommended to handle treated feed- in cattle feedlot operations. 
.“i ’ 

Exposure levels wiII be . _. ./ j‘. . . 
_., ,*.: .> .,,, L ,j. .:. ,,1<1.,” i n cc ̂ well below the short-term (0.24 mg/mf) and &g-term guidelines (O.Ol? mg/&$ _ ,, ,, .. ., 

recommended for occupational safety in the feedmill and feedlot. 

Based on proposed safety measures and expected exposure concentrations, the 
. . : production, formulation, and use of ractopamine hydrochloride is not expected to result in 

adverse affects on human health. 
--. 
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:.2. ExposuREv~~~~~~~~~~~~~.~.“,~. .‘, ‘,1 - -’ ! Ii ‘- * ’ 
! ,! . 

Exposure of humans to biologically active amounts of ractopamine hydrochloride’via the 

drinking water is not expected. As has already been shown (Secti‘on 7). surface #ater ,,. ( ’ 
concentrations would be well below 15 ppb. This concentration is well b&w &y ieve that : ,: ,;.Fh.r ,. .’ ,i.*. / ‘-‘F- (., .” .1”“.’ “, 
would result in effects in people- The proposed action is not expected to adversely affect 

human health through the d$king water. , _ , ‘. “, , ,i ,. 

Avian Specres 

of 10 birds which’received a dose of 2000 mgkg h%d.during the stud)..’ An&erbird was’ 

judged to be moribtmd when the study wti termin&d. No kktahty occurred in any 

other treatment group or in the control group. Loose feces occurred in a treatment-related j.j.l_.y *_, i(,,_ ,~ “. \,1~,. #., ,._ -.,I 
,” ;,- ,~. .i_ 

fashion in all dose groups tested. Lethargy was noted at doses of 20,40,900,, and iOC@ 

mgkg. Tremors were observed during the study in the bird judged to‘be”mo$bund~~t the _,‘. ., ‘,_ L/ ., ,.. 4 I ~CIY :* a.: ,’ ,- . ;-“̂ .“;~&..:T;*,. --:d”*.,‘&;,,l ,~,d pi id end of the smdy. ~ood-c~ns-m~ti~~ &ii body we~~~t”~~~~~~~ii~~~~‘~~-‘blrds glv;n doses 
. ,, .,.b -,-ii: 

2200 mgkg. Reductions’in body keight gain, redudtions i’n”foob%6;;sur~~;“~~ . “.. . ,. ̂ . ̂  L ,. “_ _. . .I.. 
mortality were not found in the 20-r&kg dose group. Loose‘feoes and one lethargic bird 

were found in the 2O-mg&dose group. j ._.., 
Bobwhite Quail ~5~i5a);“&&ry Study (AppendixP): Bobtitite quail,’ 10 di$ o!d, wek ‘f&i ,. 



0.47% treatment group and one of 10 birds died in the O$fF “treatment groub. The 

highest dietary concentration of ractopamine hydrochkkide tested whi+ did@t result in _- 
mortality, signs of toxicity (attiia), &kid meari bodj; keight gain,.or. &&ed mean 

. 
. ,,I). 

food consumption wasO.&?4% (44&m). - ’ ” ’ : ’ 
_,“. ~._ ..,. ‘ * MaIIard Duck 5-~a~ b~~tary study (Atj$&Gdfx.Qji .~~~~~d~~~.,~~~~~~~~~~~~~~~~), ‘.lo 

. . ‘./ : _ 
days old, were fed diets ~ontaining’iadto@tniine hydr&moride‘at average me&tired 

j /_I. ,I j_ ,/. _, / , \ /. 
concentrations of 0.0,0.0091,0.0165; 0.0356,0.0ti72;‘OX45,0.29l, krd’Or596% (tikjp’ _ __., i .” 
resulting in average total consum&on ievels of O-O,& LS1,0.268,0.61$ ‘1.12: 2.iS; $07, ,I ‘, : i 
and 10.0 g of ractopamine hydrochlogde/kg body weight; res&&.iveiy: &~motiality or 

signs of toxicity Were db&&ed f&b&is from the con&i group or from &ry ‘&&ent i 
group. The 0.0672% (672 p@mj dietary concentration was the highest treatment level 

.‘ , ‘0 ‘, .: 5 
tested which did not result in treatment-related reouctions in mean body weight gain or 

food consumption. 4. .‘ , : (4. 

were exposed to average measured ractopamine hydrochloride concentrations of 0.0, 
l_“““,,/, r_l ,l,,i..,~ *“-, .j j-~ “.“*, 23.2,48.2,94.7,5&I, 672,772,870, and’971 ppm. The 96hour medran&i$” ’ ’ .. ” , :.: ‘L !- .h,.‘ .p.ra <.l ;.*.. “Id- concentration and its 93% confidence limits‘tiere “693 ppti and 523 to 9 18 ppm, 

.C~k ‘. 
respectively. No mortalities or behavioral signs of toxicity w&z found for fish ex$os<d 

to ractopamine hydrochloride concentrations 148.2 ppm. ,../*. ., ;.. ,. \ /. / ..I. “.^ j.l _ ..I ,‘, ̂ - . .,, i ;, 
BIuegiIl g6-Hour Toxi;iti st;lcry .(~~~nilixxS):“BldegilI ~~~~~~;jmacroch~~~~~~e~e 

exposed to average m&&red ractopamine hydrochloride co&er&atious $“&90.0, isil , ,. _ ,-, _ _“~( lel _.,,“,..-. .>,,“,#” /“l”.?. J‘ /.o ,l_ <,>*~~ ,,-^, .Lx,r-~~~*l”d .$ , 381,482,539,591,668, and’761 -ppm: Tfie 96-hour median fethal concentratton, the ’ 
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concentration-response curve”yere 544 ppm, 473 to 610 ppm, and ‘7.48, respectively . No “ . 
mortalities  and no be.hav i^oral s igns  of tox ic ity  were found for fish exposed to ’ 

ractopamine hydrochloride concentrations I1 9 t ppm. 
~~~~~~~ 48-Hour Toxic ity  s tudy  (“jp-+“‘$&‘ F i&i-i.s ’i,& D;+j& ‘&-‘----, ‘“&j)-‘~ -&, 

were exposed to average measured ractopamine hydrochloride condentrations’of 010; 

4.47,9.34,23.1,46.9,7 1.3, and 93.3 pdm. The 48-houi’mediaiil effec tive cdncentratick; 

the 95%  confidence I&nits  of the 48~hourir;e’dian~effedtive‘concentration, and the~slope of _ 
the concentration-respansecW e’were‘34.5 ppm, 27.9 to 41 .O  ppm, and 4.8 1, . ’ 

I(_ respective,ym No imob;i~iiation or oth&r ‘~~ys~~d~‘s~~s  i;f t;iij;iw;lj;‘“+&re’ .&sge&~in ,^” : 

animals  exposed to ractopamine hydkhloride concentrations r9.34 ppm. 
.;-I.*-_</ I,~..“,+, +*.*&.b” \~I .c  ,,. / ,“\ 

Sdenastrum capricomutum 72-$Iour Toxic ity  Fk idy  (A@ndix ’U)r The’green alga ‘“. ~ 
, 

(Selenastrum capricomutum) w+ exposed to mean assayed ractopamine hydrokotide 8. 8 
concentrations of 0.0,25.4; 31 .O , arid.iO l.2 Rprn for 3 ‘d&S: T&minai cell count, “‘ 

. . . _, * ,-_,I, .,t...*? :, 
maximum cell count, maximum specific  growth rate (u-m&j,‘~arid area under the curve “ 

(AK) were s ignificantly reduced relative to water control cu!ture! at the h\ghek  ,I i ,, ,~ ” I,.~ .- -_. _ . . ,_ “.. “,. *<*, ,, 8 ,. “._ 
treatment level, 10 i‘.2 ppmr ‘?hc average s @ $ic  gr&th rates (p-reg) and ihe ter&n.nal 

: : 
biomas s  were not s ignificantly affec ted at any concentration tes ted. Based upon these , 

/ I 
results , the NOEC for reduced population growth of this  green alga was 5 1.0 pp’m. The 

.! 
EC,, values  based on v-reg and growth of cell populations  (AUCj were higher’tk .n’th& . ’ 

highes t concentration t&ted, 101.2 ppm. 
.,,, . ,.,,,_ . ..~ II , . _ /,a ” “, ., Activated Sludge Respiration’~~~i‘iion.~~t^u‘ily(~~~~a~~ Vji The resprratron rate of 1 8 ,,, I I 

$ 2 
activated s iudge, obtained from a munic ipal sewage treittment fac ility , was ‘mea&red in 

the presence of ractopamine at concentrations of 0.0, 10, 3c,,,J94,.3101 ann,,i$O $ ppm. * / ,__, ,. / 
After 3 hours, the respiraticn rate was inhibited by about 39%  atIhe highe~i’~cbticZn,ration . . -.. 
tes ted. No inhibitory  effec ts-on-respiration rate were observed at the remaining &atment 

; levels -  An EC, value of 1413 ppm was estimated based on linear regression atiaiy s is . / ^  /. _,. .) _ ,,_._ :, .,_‘. ..,” ~s ,p+: /_ .-v ‘“,*$ r&r e> \“*>‘“,, ,,x_ :- r7 \ , s  .,,, ix-2 )-~ .,,.” )  4’ 1 ‘,,, r  _ :, __ j *.,: / .,, r  i,; i ,/ I /j*: :‘“j” , : ,, * 



Terrestrial Snecies . . ,_ 
I, I/ * .-,.. ._ 1 Earthworm 28-Day Toxicity Studies (Appendix W): ,Earthtioti’(t.umb&&~ &$&is) 

were exposed to ractopamine hydrochloride for 28 days in tie se’ijarkte studies. “In me‘ ” ’ ‘. ,),‘ ,_ ,.\. ;+;,.” .” . (< \ 
first study, earthworms &re exposed to ractopamine~hydro&l&ide ‘con&&ions of 0.0, 

. .*; / ,.x .~_ ,.., )“..I, . , ., .i,,.~..,l,.,,.*;,.i S’L L *. ‘, . . . ..C.‘... ( “.l,i ? .,* .c.., _. .i “2. _,. __ _, 30.9,63.1,341, tid 747 $pm m sod. ii the second study, earthworms were exposed to . : .>“. ‘ ̂  .I 
. . / . - ., ‘,. “” ractopamine hydrochJoride concentrations of 010, 1.35, and 8,. Ii ppm~in‘ soil. Inme first 

study, treatment-related mortality was only‘observed ii& ‘34l’“tid‘747 $m levels, 
_ 

although reductions in body weight gain’were noted doti’to &i lowest lt~el &ted, j0.S 

ppm. All earthworms exposed to mean ractopamine hydrochloride cbncekra6oti~ ‘of 82 I ,_: _,. ., : .^ . ..$. c( ...“j”-‘l 1^.. *e ..“... irir *__ II ,“” ,., .., _ 1.. “. /I_*I and 1.35 ppm.in the secon*d study appeared normal and in good phy%Z&%$Cl65” ‘-. “” ““.*. ;. . . “,.. ,. ,. \ 
‘ 

throughout the study. No mortality, physical sigtis bf toxicity, or statistically $&ifi&nt 

reductions in body weight gain were observed at the 8.11 bi I<.35 pRm treatment levels. 
, ,. I. . .-_ A‘_*._.**.*. l.. ,_ . .L Seed Germination and Rac$& D&&lopmeSin Piants (Appendrces X arid Y)i .. S&$is o’f corn 

aestivum) were pretreated ‘for 24 hours in aqueous solutions’ @hielYcontdiie~‘“~~ 1; i0: and 1 ; 
100 ppm ractopamine hydrochloride. The seeds were ihen washed and all&&d to 

I, 
germinate for 3 to 5 days between moist layers of filter paper% Petri disl&‘” The &d:;liis~ , 
show that the seeds of wheat and Corn at ‘all treatment’lev~ls6fractop~~~ “ ’ ’ ~ ” _ ’ .‘: . ,._‘ .~ AI” -- * : j_ 

.:u. : I hydrochloride ‘had’& same extent of germination ti dmk&~ ‘Reduced germination _ ,I. 
” .,.A ) 

occurred in turnips and cucumbers at 100 ppm. Reduced radicle length occurred in 
~^_. . _I _, _ .I ., AL.“, .l”. **- _. ., 2 8 turnips exposed to”10 and 100 ppm and in cucumbers exposed”io 1.00 tip& ‘I&e of the 

, _’ 
four test,species were affected at the ractopamine treatment level of 1 ppni: ‘- .. _- 

In a second study, seeds of cucumber (Cucumis sativus), turnip (Bra&ii k&j), ha&y 

(Hordeurn vaigare), and soybean (Glycine mux) were soaked in distilled water; then 
-.:.:.. I _” _. _‘, .i_e -:.,. 1. ., ,_ 



28 ,. , = ! 
.- 

pliid in test soiution&%&in~ng &top&nine hydrdcmoride.~ ~The’&n&ttrat~&s of the , . _ ._. L , - ., ., I( ,I ,_ “.~ ._.r ,, ., ., ractopamine hydrochloride were 1, 10, and100 pim for barley and soybean; ‘5&“75,‘&d*” 

100 ppm for cucumber; and5,7.5, and 10 @rn for tuiriips. ‘?‘I$ seeds ‘*tie% a$%d to 

germinate for 4 to 5 days. The results of these studies show:that ractopa&i ’ ’ 

. 

,.” ,“, ..-., hydrochloride at all treatment levels had no’ effect:& seed. gern%ti&“~? $e f%r “ * I-’ ” 
.: 

cultivars and no effect.on the development of the radick df &&niber,’ b&&y, &i’ _ ’ ” . j 
soybeans. ‘Reduced.radicle length was found for turnip exposed to’ iO’$@, bS -ihi 

I_ 
radicle len&h was i.Gff~ct6d at concenu~~~ns’~.5~~m.’ . 

: 
Seedling Growth (Appendix 2): Seeds of corn, barley, cucumber, “soybean, tuknip,‘and wheat 

were germinated‘in sand’aiid irrigated foi2 I days with nukient ~o&.kns ‘contaking‘0; 1, . 

10,50, and 100 ppm ractopamine hydrochloride. No significant effects were noted.& . I_ ,*_ 

.I, 

the shoot length or the shoot and root weight of any species exposed to ractopa&e : ;. 
1 __ ̂  . hydrochloride concentration$ ,<!‘($Il’fiprn. 

animal pathogens and 19 gram-positive and gram-negative anaerobes were mocuiated’onto 
i 
; 

the surface of agar piates containing ractopamine concentrations knging from 0.5 to 256 ,j 
ppm. Antimicrobial activity was not found’against any of the animal patho@ns~ 1 
anaerobes at a ractopamine hydrochldride~concentfatiijt 34 Rpm: ” ’ 

The occurrence’of’ractopami~ hydrochloride in surface water systems is expected to be 
: ,“> _; ^. acute and episodic, depending on runoff from croplaiid s&Is or feedlots conmining ’ 

ractopamine hydrochloride in tiattle‘manure. ‘Any reiea& irnto %face waters from the ,. .._,^I( ,__) 1 . I. ! 
./ ._ 

.# . i t__ .,._ ..I. L  . ,, ,: ^‘_... .., /,_” 

j ( _  .( __  ,,,. _  j . . _  j ,, v 

_-_--  _.-A---. ._-__, 1  ._. 1’. . -- -d...-.- . * . _-. -- _  - . . - . .__ _  



. , ; I  

fo rmu la tio n  Tac$ ty v ~ G d ~ .& o ”~ b . episodic.  B iodeg rada tib n ”~ a &  p h b tolysis’o f rk topamine  I _ .-.I,. ‘( : 
hydroch lo r ide  a re  relat ively rap id  so  the re  is little possibi l i ty th a t,a q u a tic o rgan isms  wou ld  b e  

chronica l ly  exposed  to  , rac topamine hydroch lor ide.  T h e  sa fe ty o f aquk tie  o r& in i s~  can  th e n  

e fflu e n t o r  r uno ff kiter ft’6 m  a  la rge  & fal l  even t to  th e  rest& ts:o f acu te  ,stud ies  kith a q u a tic < _  : 
o rgan isms . T h e  h ighes t expec te d  concen trat ion o f t ic topanihkbydrochlor ide e & a c te d  into 

. . i.- :’ 2  
r uno ff w a te r  from  a  feed lo t is 4 .2  p p m . T h e  m & m u r n  expec t& $  concen trat ion o f 

rac topamine  hydroch lo r ide  in  r uno ff from  c ro$ ind  soi l - is -0 .0  l5  i p m . . 

N o  m o r tal i t ies o r  behav io r& i  abnomia l i ties  we re  G u tid  % i & i& & G  tio tit, $ lu@ l, o r  
,. ; 

D u p h n i a  a t m e a s u r e d  rac topamine  hydr t+ lor i$e concen trat@ k o f 4 8 .2 ,1 9 1 , o q  9 .3 4  p p m , 
^ ( .I; . ,..a  m s. . . . . . . I.,, ,i _ _ ,,,, i * _ l_ ,“. I I( _ o . I ^  *_*‘,* .c. :. 1  Ty, -‘< .’ ,,: “1 . ,j 8 ’ ;)<  ,< ’ _ ;~ _  ,.I,.,). _ ,. 

respkct ivejy;  L !W ~ ~ & %  was  n o t a ffec te d  by  concen trat ions’&  ‘t’;;“S  1 .0  p p m . “.& e s e  < k & e s  ‘: _ ~  1  “I._  ’ 
.r ., I, (,,/ ” ,: ^  .)1 ^ : ,, 

a re  a t least 6 2 3  tim e s  l$gher  & a n  th e  m tiim u m  expec te d  coken’@ a tio n  o f rk topkmine 

hydroch lo r ide  in  r uno ff w a te r  from  c rop iand  soil. T h e  m & i m u m ’e x p e & e d  “c~nc tkrat ion o f 
~ .,a ,,:; I i __  , :’ :;* d  I * _ u  rac topamine  hydroch lo r ide  in  r uno ff from  a ^ feedk t ( 4 ~ 2 ”p ~ m j~ ~ s ’lower  th a n  th e  acu te  no -  ). 

.,, ,, _  “I., ,‘, s i 1 ,1 1 ,1 4 , 5 /^ ,,_  ,._ . L ..r,? ’ _  1  J‘ ._*w i”% ,V  *% ‘b-  e ffec i  concen tia i ion  ,~ ~ ~ ~ ~ p ,.~ ~ ~ ~ i~ ~ ~ ~ .~ ~  a lgae . E xposure  to  racto$a;g ‘h ;;a r ~ & ~ b d .d e  .’ a  *’ j I 

,“;x”“. ). 
de l ive red  by  runo ff w a te r  into sur face % % is .is n o t expec te d  to  have  a $ + & s e  e ffec ts o n  ’ , I , ,, I 
popu la tions  o f a q u a tic o rgan isms . 

2.  p o E N T L 4 L  m E K g E .  g m m s  ‘,~~,,“~~~~~~~~“.‘~,~~. ? ,’ , + w  ,.:. .:- . _  _  ,,, i .^I : . I_ 

-  
;. . (  / 

T h e  h ighes t expec te d  c o n & n trat ions o f rac topamine  hydroch ib r ide  in  ca ttle  r & & e  a n d  

c rop iand  soi l  a re  2 .5  pp rn  a n d  4 9 .4  p p b , respec tively. E a r th w o r m  survival ,  a j lpeakG & a n d  ‘, ,_ ;.,, _ - , 
,.‘ ..,“_ _  a ,,..;. ,,.*, _ .L j_^  g row th  a re  n o t significtit ly a ffec te d  ‘C h e n ’Gorn is  a re  exposed  to  a  rac tebarmnc ’ P  ’ ;_  ’ ‘- ” : ” 

hydroch lo r ide  concen trat ion o f 8 .1  p p m  in  soil. E a r th w o r m  ,kuv‘ival,“a ~ p e ~ i n c e [ .iiitt g row th . 

wou ld  n o t b e  a ffec te d  if w o r m s  we re  exposed  to  c rop ikd  $ 5 1  o r  p i les 6 f m a & k  & “ta in ing  ‘j . .,. / 0 , 
th e  h ighes t expec te d  cd*cenua tior i‘o f ractopami i ik  h y d & & ..6 ..~ ~ ~  i l ie.u~ G .d f~ ;a c ~ o p & .4 ‘~  (“8  ‘“(  ̂ ’ * 

._  
.^ . ._  “, hydroch lo r ide  p remix  in  th e  fe e d  o f feed io t ca ttle  is n o t ex@ % & ! t6  subs ia&&y  a ffec t /_  _ . I i ,i,l _ _ ._  1  a . .( / ‘..>  .*v...,‘:-, i; :” , .( : ., 

popu la tions  o f ea r th w o r m s . , 
,. ,_  I/ ” -.,,, ,-_. -_ . “. ,,, _  _  _ , ,I, c. 1 .1  .j. d ‘ . . 7 .‘ /, ” I ” ‘_  I .,_  ..j.I . . :. 



No mort$ity, reductionin body weight gain, ch&$ie ifi .fo6d.‘&$suniptibri, &hge in 

appearance, or change in behavior o&wed for rn$iaid $uc&~or .b~$$$.. c&ii ked diets - (- ! -, 
containing ractopamine hydrochloride conceritrations ,<44 ppm. The rec0mmende.i use rates 

” ;.’ Jo” : 
of ractopamine hydrocfildride in c&e fe’ed’ G,$ui~ &Gili i~~&&G&.~m &~&I&e1 $30 _ - ’ 

bird populations wouki noi be ‘expected. The proposed actidn would not be ‘@x$&%&t& &edt 

popuIations of avian species. 

4. poTENTIAL “An~~sE ,mms”” ~~~s~Kp~Kws,’ II, r ,1 l i ;  ., 
:? _, _~ ;, 

Phytotoxicity from expo&e to iactQj&nine hydrochloride is uniikely. Seed &?nination 
” ..- ..r,, _ i ,~ .,~?I :.$; “, I ./ I / . ; and the radicle length of corn, tuqiips, cticu&ers, bariey; &$&&, -&$ $&eat weti a&es&d . 

after exposure to solutioris contaitiing’r&opamine hydrochloride. No effects weie found on _. ‘.&_ , ‘.’ ‘I.” 

I^ ., _, ,., . ractopamine hydrochloride- ixi ctoplaxid”‘soil, 49.4 ppb. Ske’d&@‘<f ;;ll s~e&&‘$r&inated’ 

and grew normally when irrigated with ntitrient media with’$X@j$b& &&o&&e t 
j 

., , ,,,,_/ ‘ .“. a*:” ?I ..,_ . . I_ ,, - Ix: ;, I J- . hydrochloride. This c6ncintration is 2,198 times highiithan the highest expected -, 1’ ” .’ -c 

concentration in cropland soil. Since the initial litifilife’ df GG@tine ~iijd&h.i&le ‘in&l 

is 1.1 days, this highest expected exposure con~entr&z$ G&Ah q&A& d&i&. ‘The 

proposed actiqn would not he expected to result in $ytOto%@ 6ee&‘~%+n $I soil ’ 
s 

containing rac?~p”ine-hydroc~o~ide. ’ 

5. p*TE~AL, .mm.&sE. gmcTs..aN~~i;ticr~Bm ‘xmwfTy,, , i ,, .*, _  “,“,% : , ., .I .,<- r,*-.- . 

None of the gram-negative or gram-positivk ticrobes t&ted tiere’inl$bitGI bi 

concentrations of radioparr& hyd$irIbridk 164 ppm. This ck&&i%ibn i$~‘ak&t 15 times 
I .I. ..,/ ” ,,) higher thkn the highest ‘expected con&ntratfon df ractopamine‘h~diocf;loiiiie’ in r&off . . . . , ! - 4. . <,“>,” , i ;, 

..,; >* .“, I,,‘, _ L. :.; :..:- ,‘I’,. _‘(’ *;.*t~ : “\ I .‘,- “’ ̂ . -1 ~ ‘, j x, ‘I. L ., _I \ /- .: ‘* ! ,,,. ., ,_ 
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None of the gr&-negative or gramipositive r&robes te$e+ were inl$G~~ by -,: _ I ‘_ .‘/ I 
concentrations of ractopamine hydrochloride 264 ppm. This concentration is about 15 times 

higher than the highest expected concentration of ractopamine hydrochloride in :@noff 

(4.2 ppm) fro,m a feedlot and about 4,267 times high&&i th~&&itititi’~&&ed’ 
,,,&X,&~~~., 2. n .I ,*a. ./ concentration of ractopamine‘ hydrochloride’in i%i1ofr(b.ij’i^5 %cx y ‘%%i cropland SOIL r- 

I 
are 1 .l ppm and 49.4 ppb. These concenkations a& af.le@t.s& ~I$CS lower t&ii&e -high&t 

i. 
ractopamine hydrochloride concentration which resulted in nrq i$bitioii o&e &&@th”of .) ?, :’ .^ 
gram-ntigative or gra&~&it&e microbes. The proposed acti&woliid titiCI@ ex$c&Yto 

I^“..__%._ *-i‘,,,*.. .I r4 .i ,.‘rI.‘.“~>ri>I‘~ affect the activity of the tes&d”Gobic*or a&&o&c %,@-obq ;n so$or water. “ ” - ’ , ^. / 

i are &scribed in Section 8B 1. The ‘premix label wiii iiistrucj‘lj;eoble to routinely &ear 
/ 

protective clothing, impetii&s gloves, protective eyewear, ahd a NXOSH-approved dust .)_. .(I I( \ 
mask when mixing and handling ractopamine hydrochloiide p@$x. aiid to ?a$$ thorotighly : (* 
after handling the prodlicct. A material safety data s&et 3% i%i%iiijtitie ‘hj&&loride is : , . .’ z /. 
available. 

The proposed action wopfd not be exkci‘ed’tti ha& z&y sub&&l a&&& eft&t on 

human health or the enitironment. - “3”” ^^ ThereTo?<: ‘A tematlvesjij &Y~~~~~~&l a%% ‘&.I% need ’ 
“ 

to be considered. 
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Il. LIST OF PREPARER$ 

Assistant Senior Toxico!ogist 
~ 

Pqthologis; -- 
Toxicology Project Leader 

// 

,-,.. ,. -, ._ 

.^ ,;“( ^.. .,: ,, 
: i._, 

,:. .I,” _,,. , ’ ,. 

_. 
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The undersigned off&l c$&es @ai ih& ii$$i&tib$ art&&& ig&e &&$&jp~& 
Assessment is true, acc:uate, and complete to the dest of his’k&tiiedge. - 

:__ 



, )  

4  , .  . ,  .  .  __ / .  .  .  ._ ,  , :  ,  , l , .  , ._ , ,  .” . ,  i ,  .  . ,  , /  
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m: Solubiiity of Ractopamine Hydrochloride in Aqueous Buffers‘ 

Studv Dates September.5 iti’Seh;tembeFI0;- @86 
* _ 

i ^, _“. ,L , . _ 
Test Articlg Crystalline‘Ractopamme“~Hyd&chloii& I 



1  ,.  .  1 .  .  .  . : , , ,  
i : . . l  ,. i  .“. ,  .” , ,  

“ j 

. .G 

,.‘ ~,,” /- / 

,3 6  _ “.. 1 .,-i,‘.., i \ 

A p p e n d i x  B : R e p o k t‘S u m m a r y  
i_  

_  ^  . r,.., _ ,,,. “._  1 .. _ . < . s &  

m : N-O ctanol- to-W a ter  P ,a r titio n  C o e fficient o f Rac to p a m i n e  Hydroch lor ; ide  

S iudv N u m b e r : E W D 8 5 1 3  ’ L  .,, ~  -  , ” ,,: ,>  

S tudy  D a tes : July 8  to ’July 3 1 , “1 9 8 5  ’ ^  ” ‘- ” ” -.~ . Ii. ‘ 

K . S . Cocke , Li l ly Research  L a b o r n tor ies,  D @ s i o n  o f E li .( , 
, / 

Tes t A rticle: Crystal l ine “C-Rac to p a m i n e  Hydroch lo r ide  / .’ 
phases  in  cen tr i fuge tubes , “_ , j . . , . )  I., ,_  _  

. . .- i,a  ̂ ,, ,-., 4 , ,( -j. *,/, /, / , ,- > ” 

S u m m a r y  o f Resu l tsl: A t 25°C  th e  a-vtanol /water  pa r titio n  coe fficients (Kow)  we re  I .,._  ._ ,a _ ,_  ,_ .. _ )  ̂ .I. 
d e te rm ined to  b e  L 7 5 , 1 .0 2 , a n d  1 7 .4  fo r  th e  p H  5 0 ,7 1 0 , a n d  9 .0  a q u e o u s  ‘b u ff&  solut ions, 
respec tively. These  low v ibes ind icate th a t rac topamine  l iydrochlor ide wou ld’n o t 
b ioaccumu la te  in  l ipo id  t issue. 

i”/ ,_ .i. _  _ .- -*. . ., 

: 

i  
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i 

Namesof&& J .‘$. Rybka and M. Ai Moreman ^.. >” i l+,~ i/. ,. a ,< 1. s .. -  .) ._-__ ._ . 
! 4 

Test Artic ieSC 2’ percent ‘$c~opa,&ne hydro&&de c&n cob grii pre~~U~i&u~~oil 
2 percent ractoparnine hydrochloride corn Cobb grit @&?&&Ii*‘1 ~$&&it sdybean‘oil 
5 percent ractopamine hydrochloride corn cob grit premix  with 1 per&t soyb&n oil l_“lA*,, -.“i”c t L ” ..l,,^ \,*1 /- ,>, ._., * I _ jI .‘““‘C ,,../,. / , ./,, , / 

10 percent ractopamine ‘hydrochloride corn cob grrt premtx wtth 1 percent soybean oit 
../ ,-; I . .- i ;.‘*A< \“.i I’(, “%  i. i:a+ii*~. .:,3,~_~..~,,;.~,,,,I ,iinrr-rr:i.~~~~~ii~*~.~~~~u*~;...~~i- 

:’ ‘as’s tudy  &B designed to determine if a decrease in h>& ,>.‘. :, 

operator e%ptXuiVi?ouId be achieved by adding soybean oiI to the fornmiation of 2% >,. “2,‘, “,h-. ..p ,.!“r.‘. _ _ ractop~~~hjlid~~fi~~~~~~~~~~~,i’̂ ;$noihei iiurp~se.,i;as ’tol~~tenrune the effec ts  of 
.- ). “I* ___j( _., .*,.. . . “,..b. ,,, adding soybean oil to the f&mrm!$q$n of, IS, 5%. and 10%  rat to@?&e bydroch&i& ..,“I,“: .:L,. premix . O f the ttik s  m a f’eed-mtlf operation, ‘w&gmngtj$&tlly  rethi& in ihc  highes t 1 _ exposure to workeis , ‘$kS.that t-g w.‘ihi s ”~~~~w~f~fi.w~ --d-,$ ‘y f-i’-.k‘ $A”-. h “ 

conducted so as to produ&detectabIe airborne concentr@ons of ractc$&i&c  by disairr;ir;g‘giy--gi‘tiegtitig e~pos~~~“tidnt -&&&~res inc luging local ejthau;jt 
^  I 1 I -,,,. “*, 1 ventilation and weighing hoods. Thls ‘sElj; was not desrgned to assess’bokpliance 

with recommended’eli~~~u~~.~~i~e~i~~s. ,_” ._ x ., -  ._ .” j ,+*. Mo.uitoring wascunducted for one ,minute periods  of time;ithe ~~proximate’time 
required to weigh enough p%6i% “for61% let of feed:’ In addition to this  ofie’rninute weighing t-‘& a *j Su& weighing tas k  was conducted ‘;;s~~g~ea~~~io;~~*~~~~~.“‘, ^_ 
Replicate weighing opeia~ions  were conducted d;l ~ooui’~a~~~~~~~~~~~~~~i~~~e 
premix  formulations . W ei&ing df ihc  premix  w$sconductkd on an elec tronic  $atform . _/~b, ,..*;v (  ,/ _.,.” ,~ / -““, * a , .___ /, ., “. ._ . ̂  ““““i&” .,,.. 4dr.*;$% ‘Ci-.” sca le. The sca le was housed m a cement-block room (7.ft”‘Y??t) s ituated tn a feed 
s torage warehouse. Monito&g w&conducted at the ~Eii’LiIly~~d~~om~any %reeiifi&ld .-, ..a* ,,* ..,.lll*l .A I< I Feed Mill. I s~~r~~~~~~~~~llec ted on glas s ‘~~b~~.~li~r~.~~~~iii13;‘~~tl~~ed .fice 

dust sampling cassettes attached+by tygon tubing to GA$J?&.jder’DOA~l’@$~AA high 
voIume air sampling pumps for short-term monitoS@  (Z@“&ititit&): “I?& rj;‘er~o&l^~ 
,m,onito@ng, the filter cassettes w&e placed in the G orker’s  breathing zone. The pumps _,‘,_ (._,$ ).S,,,, *‘ . .,s - . ““i’)~~,r”. . were calibrated w~~‘~~~~~~~~~~~~~~owrneter and had an average tir ‘ficw rate of 
approximately  20.0 liters  per minute. t 

A 3M9920 dust, fume; ‘and~mi~t rcs$ator and latex  glov k s  we& worn G hile the 
premix  was weighed. 

Spiked samples  were used to assure the recovery and s tability  of ractoparnine _,, hi,i. ,.~,i ;,=.*,, .., _, I. _,a* _I ,., ;c . .-,- ,-, . .,,,. .- . .” “\ .iil”‘&vI1 jjT  hydrochlbride during the handbng operatrons. Blank  samples  we6 ‘u&d to &tire that / .., acc idental cont&n.ination ,d$ not occur. Four types of controls tie&us&d: field, . , 

remotc;?&ipping, and retained. The spik ing level for the spiked control‘sam$cs was , ,_ approximi~kfy irn iii~~“q.r6r ‘af,s ”f the ;~covefy‘atbdiej*,” 
_; _)_ -” ,‘. “: .‘.’ < ((  ., I” ,.: 3 )  _ , :’ , ,_,^ . /’ ir  ,‘-I_ ,^_ .” ” .^ x , ;. ., ,I “,..? , .“., _. ., /*, -,; ” -  .,. , “’ If ” i . . ., +. I, 
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Summary of Results: The data collected were organized by homogenous exposure gioups 
(HE%), orie for eachf&&&tion, &d statistically analyzed‘assuming 4 lo&normal 
distribution to cdcufate the geometric mean, geometric standard’deviation (SD), and 95% uliper dbr;fid~ncd’i~~t (~clLj.~~; eii~~~~. r I .,._ ” ,. j __:._ .” 

The prsonaa nioniici”ng rejtijiits.fi~ti’gb‘ i;isk;qfwd$-.ng~pre$ff for i’be n;iniie ^ 
indicated exposure W& higher when no soybean oil wasadded to the‘piem&““Cink ’ .; ̂  &-i**<<e~I_ ., minute tiveig~~g of the foormuilsitior! coni~ning 2% raclop~n~.~~h.no ~diled oil 
yielded a mean breathing zone-concentration of 68”.9 jig/m’ with a SD of 1.9 and a 95% 1,z /,I .*“;., ** ,e _/“*_, _ 4,. “~ “.*. d U.CL of92 lig/m’. The formulations &Ii soybean or1 yielc&d fiiwer mean bmathmg I,. 

zone concentrations of 9.2 pg./m’ with a SD of 1.9 tid a 9S%UCL of &3 $m’- he*“ar*,i.$s>*3, Bag,,&-: ,’ : formulation contqining ~%k&$rn.me Gh*l%ZEk?Io& 11.6 pg/m with a SD of 1.9 
and a 95% WL‘of 15.4 p$ni3 - formulation containing 5% ractopamine k$h is added 
oil; and 23.4 pg/m3 with a SD of 2;l and a 95%‘Ua of’32,7”@!m’ - formulation ” ““.__^_l~._.” ‘i -- ” containing lo;% i$ctopmne w*th ly* a-&g3l;” I I-- “i”s^ 

The Rersond monkking results of weighing premix fdi 15 minute~~confirm that ” ./_,~~~,~ s.““As* ,,‘a. ~;‘~r,~-~i.i:~. .f “Sll higher exposure was found~fot the formula~on &thout soybean 011. Pcrsonaf ““” 
(. momtorjng of this 1’5 minute weighing operkion yielded amea&r&@ng z&e‘ 

concentration of 91.2 &$m*while weighing the fo~~lii~~~“\;;‘~~.~~^~~~~~ &if. .Lower breathing zone concentrations resulted. from rhe forniulati’~~~c6n~~~~~~~~~~si < ‘*-‘A .. * 

” ,6.9 pg/m’ for the formulation cont&ning‘2% rtitopa&e dth ‘l’%O’kIded oii; .,./j i . .( ai ,jli,. 
17.3 @m3 for the formulation containing 5% r~t@im.ink~ith 1% added $)i; and,, 17.6. pg/m’ for the fonrnulation containing t”Os rac~~~~~~“wi‘~‘i,~~~~s &+f. _^S 

_.- Area monitoring was conducted to determine the ar&i&it’ctinc~ntr~ti&i of .“,.“,“-i” ~i~~r,* ^\._ ,_ ,” ̂ ., , i,b*,,er<,u ._, _-:*i?,,i.-“ .db 6% .u,#w-r e-i*hir:tr.“- ‘“b.,-“% )‘.1,, 5? C’.’ ‘~’ 4 . ‘,’ 
racto@nine whine wetghmg was occurrmg. These samples were located approximately 
3 to 4 feet frcm the weighing operation. ., ‘. A ~,.a,‘” A,, d ‘. _ The ambient conceq&n of @ctdpamine 
while weighing the formui&ion with no-added oil was~2.6’u~in3; while that for the 
formulation cont$ning’2%‘racto@&ine iith J% ‘addeci oil” iG&‘Wfigj;ii3: i .O pg/m3 
for rhe fomuratio; .;;ri;aining 5% iactopkne with 1 % && $; &a:!t;5. ii;sim3‘for 
the fomiulation cot&n&g iO% mciioparnine With i % ;id&I oil. Area monitoring.Gti ailso conducted to determine *; &Gbie$.i cijn;ti;;r;i[G. tj;f ., * 1 
ractop’amine during ilie 15Xinute tie$iing 

i-4,~.“~~~~-~~~~~,~-dii,~~~ *aa .?~~+~,““~+ 
operadon. 

*.<, ; .d s .~ ,$ 
These samples were located 

approximately 3 to 4 feet from the weighing operation. The ambient concehtration of 
ractopamine while weighing the*fotiul&ion with no addedoX w&s 6:3 kg/m’; whiie 
that fcr the formulation:containing 2% r&opa&ne‘with 1 %~dd&oil was 0.8 rig/m’; 1 ,6 pgm’ for the fo~~lation don~~~~~~~~~~~~~~~~~~~~~.~.~~~d:e~~gl a.d, ^ 
1 .5Mdm3 for the fomulation cont&iiiiigg -l‘o% ractossne”‘:giih p.jg;ddg~-&b~; ‘. - 

These data support incorporating soybean oil into the premix as aim effective means 
of limiting exposure to workers. 



&$X?UXU Two exposure -guidelines have been estabhshed’ far &top&ne hy&&&r&: 1, pg/m’ the weighted average 12”hour exp~~~ie..~~~~~~~~s~re Ggiak”-i+e; ‘pGT _ 1. 

240 @m3 short termexposure guideline 15minute exposure (Lilly Short Term 
Exposure Guideline;LSTEG) ‘“’ __ .1 “” 

,.^ ,,” .._,“.__ 

The folloting information k.Yconsid&cd’in the dovcfopmcnt of the $$osure 
,guidelines: 

The aid% oral &rediatr lethal dose of ractopamine in m$e rats w& 474 t&kg and 
in fe,mde rats, 36. -‘g/llig. IG ;I;‘v~ he ine‘di.& f’$v~‘~~~*-$f=~ I$.& -;e;&-&- i<)$- 

;.. ., _““,_^ ,) “i.i,.>. -” * , A” .-A ,!“.. . . : ‘ 
mgkg. Signs of t&city included, but were not iirnrted to, hypoactivity, tremors, cor&, 

i,-. _i>.‘,” ., _ ./‘_.“. .-)) ~. /_I .,.. i( A.-j-, .~ nasai md ocul& discharge,‘and hypiie&a: h dogs a Wfy+ dose oF Os05 -“-“& ‘.“..’ 

greater produced increased heart rate ahd cutaneous erythema. Intravenous infu&kX 
0.0035.mg of ractopaminekg/minute for ten minutes rest.@+ in increased heart rate in ,: both dogs and momkeys. There were no changes in ei;c~o~~~~~~.~~~e”f~~ &’ 1.. i( ‘, 

S-‘~L,.~ _jrl ,_ i __ 
either species. Dalgsexhibited a decrease in arterial~bl&$$%&re that wasinot seen in’ ‘. 
monkeys. ;, ,. .” The median ieth@ aerosol concentration df ractopaniinein rats”expose$ for four 
hours was 2,8OO,OOO ‘$m’. 

Ractopamine was moderately irritating to the eyes cf’rabbits, but did not produce 
dermaf irritation or evidcncc ofsystemic toxicity tihcn $a&$$ on <he Sk.&. , 

Ractopamine wasnot mutagenic in abattery of tests in both bacterial and 
mammalian ceil systems. ;_ .“. ./ : .: 

Three-month dietary administration’of ractopamine torats and miceat ‘oral dose 
. “Are ,&% /* “__,~ j ,j I , “W.‘,“i I\ no _.,, $ ,, ,_ equivalents as hii~fG.^r~~iiirf250 mg/kg, respectlvely,~~~~~~~i~~~~~and ,resultk’&*‘i’n.‘ 

only minor toxicologic effects. 
i I_ 

Met&&c activation of b&k-fai. I%& &&$d in ‘b&th‘ / : _r ,‘.) ; *_ 
species at the highfer dose levels, an-effect consistent with the pharmacologic activity of I / 
the chemical. 

? 

Beagle dogs were given oral doses of 0. 1 12 Ck224~ o~~~.~~,,mg/kg’ract~pamine’ , ._“” ..^ .-..“*“i,” b ,. ..,.l I -/ ., 
daily in three equally ‘divided @ortioqs sijr hours apti for b& jr&r. ~re~~rn&~r~iate$ 
effects were minimal and were usually seen only at the&gh%cse:‘~ E&$ts ir&&d .‘;s T.. _j. , \. .a 
tiansient periphkti %d;ie‘& of the~skin; slight decrease in s&k red blood ce!I 

, ,  ,j 
), , ,  
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increases* in serum potassium and urea‘nitrogen levels. Metaboiic activation of brown ,’ 
fat was aho detected in the high-dose group at the conclusion of the study. “Effects on 

- the heart were limited to a’ small decrease in resting heart rate at & ‘dose levels du&g 

the first six mo~nths gf,treatment. The no-effect dose &&id& the oar&ova&&r . ,4, __ .-:..i a\ ‘<. e&r- / ;c p ;~~,-,\‘.*‘-:.~~,.T”h.~,TJ.‘ *, . z_ ‘_ , 
effects was 0.224,mglkg*ractopamine~day. in a special go-day cardiovascular study in 

, 

mon,keys. there were no clinical signs of toxicity & effe& tin he& &$$‘a’d&& o&l ‘. ‘. 
doseof0.!25’m$kg.- ‘_ ” ‘̂  i 

.: 

Neither mating performance nor fertility were affected-ink&s- t&r&d &th :” 
_ 

“.‘, .1 ,^. ,1 ;‘ .:,I, :‘-‘.. 1: 
ractopamine via the &et for&o successive genera&s. Reduced&r$ze. gestarional _ , 
survival, progeny size and growth; and the occurrence of develo$ientaf &~orn&ities ’ ,” ,. ., ,, * _, I ..~ . 1.1 
were seen only at the dose level that was clearly maternally toxic (approximately I.2 ., * ;, i, ,* “‘ : 
160 mg/k$ay). “. 

, II __ _a, 2 l..i j *A.. I-. /..1 

Inhalation studies were conducted because theinhalation route of exposure is ,i 
most relevant to workplace exposures. Two types of studies were conducted to provide 
information on: 1) repeated exposures that might take place over sever& days that 5 /-, L i:, ,,.- i 
could berelated to &rage concer&tions sustained o&r a workshift; and, 2) exposure _ 
for brief periods of time. ‘Fifteen$ninute exposures were studied because The American 
Conference of Govemmentai‘ industial ~fiygienis$defines 15 ‘m&&es as short$$m ( _ (_ ,__ i* ,.^ I ̂  “__\ T”j-.; ,,.~~Ni,r*,~,.~“-.,~~. ._: _,.. I^,, s,*.. A_*? ,,.., ./ 1 ,i, I ~-/ I,-~ ‘““‘” ,-**‘dr * j*s _ < ,,A * j 
exposure. 

* ‘i”““;::,“, i”“.zzl’:\ ;:; ,-I’ ._ - j ,_ .- .Lriiix,, ,d”T.,. ;k,Lrh* Four-hour exposures were considered sufficiently long to assess 
.- _ ~ 

the effects i Li . ,& .1.? *-’ ix ZCd .-, i .* ,.,,...:L:. :, .; ;I*._ )“. .I ..)s -.-. - ,. i 
of full shift exposures of up‘to 12 h&t& duration- In a prelumnary study, heart rates‘” ” 
increased with exposuretime until thei maximized after about l/2 to 2.hours of 
inhaiation exposure; Therefore, increasing exposure time beyond 4 hours would not ~,j ^“_)_ .., <,;.a ..,; 
produce greater he*art rate responses. 

Heart rate was of primary interest because the studies previously cited had ,, ‘ 
identified it as the most sensitive endpoint. lncrder to examine effects ;klated co .’ _. 
repeated exposures in the wo.rkplace, rhesus monkeys were exposed to ractopamine 
aerosols (whole body exposure) four hours per day for np’ro‘eight ‘days it 

j_ 
_, 

concentrations ranging from 50 to 23,gw &m’. Real time heart rates-.ii unrestr+red e 
monkeys were rnezrsured during whole body exposures using a remote computer-based 
data acquisition system and implanted heart rate transmitters. An initial study was 
conductecj with aerosol concentrations of 380, 1690, 64Z0,~atid’23C8i’iO‘u~m3. Heart 1. x ~ .” “;_ _ _ ,” _,. .:ai”T:ml--r.. ,. 
rate responses &&~conce&ation related. Exposure to aerosoi concentrations of ,,j q,,. _( , ,: . a_ I, ‘.&.l ,.” i . . . . . ,“, 
23,800 @m’ produced heart rate increases of aip’roxrmately iti beats $er m&ibpm). 
Heart rates did not return to control levels after exposure. Exposures were smpped after _ .*.____, .~., , 

,... I 



. 

_. i.~ +-‘-“of exposure to aerosol cbnc~qr$io& of 1690 ‘&d 6& pgrn’ p&&e; he& rates 38 
^ “.‘, and 48 bpm higher than cot%rol& re@&tiirely . ‘ink  *&&r$s ren.qeG ,to @ntroi 

ranges in abo.ut one week. Eight days of ixposure ai‘ ii/h3 produced s ignificant 
increases compared to controls (abdu1’24 bprir~cKi.i?iig ‘%$&&z&osure. T  e heart rate 

“,. ,* L,~ s ::, _.. A-*:. “.,~ :, ” * <. 
. . ., ,,~,., ‘,., ~ “_,,_1 .~ ., _. ,, ,_ . _^_L ‘,. ,” * “̂  “,I, < . ” : I. ,A#!” .* remained s i&ficantly elevated above controls (about 30 bpm) &%~%~tiighttime 

nonexposure period. 
Because a no-effect Iev&was$ot achieved, a ses~~~~~~~bur,mhdatloq $udy was 

” ,,-. (_^/( +.“..“, -,: A.,, l.., ,ttz  ib. a”- i j, 
: _ . 

conducted in another gioup of rhesus monkeys with ractop&ine aeiosol coficentrations ,.i 
of 50, 170, and 440 ‘@ /ti3 for eight exposures over a ten-day period. Exposure to , ,, 
aerosol conqe@rations  of 440 pg/m’ produced small changes in heart rate, S&I& to ‘th& 
previoti s tudy  at 3i(@&n3. During daytime expo&e to &O &/sr?~ h&t r& were 

_;. ., ,.._” ,j_~~.“_.^(ji,‘,.. I-(_ “.. III, ..i -., /I_ I?. /a- :*. -,. .’ not s ignificantly different than conti;iils  (about 9 bpm greater), but, c imng the mghttlme .~_ _” ..” ..i,“. 

nonexposure period, heart rates .were s ignificantly greater than controls $akop 
17 bpmj. Exp&ure to aerosol co&enyations of SQ a$@  176’pg/m3 @ iuced. no 
s ignificant change in heart rate. The s tatis tical analy s is  bf th~;‘e’s tuiiies~~if’~h~‘ljowei; 
to detec t heart rate c+ges of about 15 to 17 bpm (p=O.O$. “??I& n&bserve!d-effect 
level (NOEL) ti& ileter;riq& & be lf@$$i?. ?his  de&minaG oti fp$e~x&dewith 
confidence because.of t& well defined dose rkSponse.relations~p.est;ib~~heh fr&rn ti& ,j . ,,” ,.,, ̂  ,..i.. -.,-.:‘“’ twd Snidie$ @  comsil;&.~~g~“y~~ ‘iffec ts  observed at th” tex t highes t coi;;;~;i-&-~-s  --f ” ” v  .\<.“A / .i, i _“._L ,\ h. ,, ” ~ %  ‘,.% ,,;. ~.,,.,.‘S .,$.A’ Yi’ .h%  r*-, &-. 

380 and 440 p.tg/m’ were sma& reinforc ing the v iew that l?i)‘&h” is ’c learl< a.NOEL. 
Rhesus monkeys were alsd ixpcssed .to ract6p&ne ~~~~~~~~~,~~~~~~~~~t~~~ ? 

{head only )  to ev&ate thi effec ts  of short term expo&re; &&$s were,pi&ed in a 
restraint chair  with their head’in a &&il dt.G  dome to al!ow prompt onset and “’ ‘~ ” 

,“*A,,. l,*,“.‘ ,. 46, ,“L.T ‘ _o11j”“‘.. v .l.i..w I .; w I* 

termination of aerosol exposu&. Xach‘$nitiai* G as ex@s&$%~~l’5 ~&.iG& ‘to &&@e ** 
ractopamine activity cox&entrationiG f 0; 5400;’ 13,400; tid’2i&G~~m’. k&rt rates 

-  
, 

were monitored in real time using a cotiputerized dcita‘&c$&ori of h&rt r&e from .^ i%  
s tandard patch elec tiod& for 15 minutes  prior to exposure, during~ the 15ririnute _, . . II_ 
exposure period, aqd for. 30 or 60 miiuites  post exposure. No s tatis tic&y s ign&tit 

,, ‘, .L:“-.-zI*.” .) i : > 
: -I . ,., 

increase in heart &&&$qx%d as‘the.res& ;jf exposure io’2& ;g/&’ for 15 ‘minutes , 
either during exposurti dt’for the half hour of heart rate monitoring after the &d-&f’ --’ 
exposure. Exposure to 1,3,9O p qd 27.@0 pg/m3 resulted in s i@ifiG t i&&ses in- 
mean heart rates of 25 G i 4715 beats  p& minute, r&pe&&ly . at the ex&&f ihe 
1% minute aerosol exposure, Heart ;ates W becreFed after&e ‘end of exposu% r&rning . 
to normal in the 13,900 pg/m’ exposure group 30 minutes  postexposure, but iemaining 8. 4 
s ignificantly elevated iti’“%~2’;t;40&.$$ exposure group. As in the 4-hour exposure : 

,^/ .,” _.: 
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. ~cxposiueW%&it&on and increased heart rate. The statistical a@lysis bf the’sbort 

term studies had the power to detect heart rate changes of approximately;l0 bpm 
(p = 0.05). The Nisu b~‘det&mmed to be 240() pg/m :’ ..“‘, ::,, *;:*,<, 1/ ,‘i,,i.;~l,“‘.i”’ : ‘,j w ‘d-.;- .’ i _I’ ” ’ ’ ’ 

The results from the 15-m.ip@teJ and j+o& exposure studies were com$ementary 1 I ,- 
and consistent. Both &dies showed increases in.heart rate that tikrk depended on 
aerosoi concentration~“however, at a~ given concentr&ion‘ there &s a g&&&&t rate 
response in the 4-ho”r e;posures than ~.ii’th~ r .?,l<l-L, L AL. a., 

. . 
lii&nute ‘.“xp;6.“tires~ yp;c;rred x’, 

because it took time fcr heart r#%to’increase from b.aseii’& after the oh&t {f” -‘. /-” 
inhalation exposure, a& maximum-heart’rates w&c nOtjusng& -&eved &$I aftef l/i ‘ .2’.,,,.” ./ ‘,., 
hr to 2 hours of inhalation exposure.’ ‘I%%, j.hc~I!+@!L ciitcrmined for:@’ @f&&e 
exposure is higher than that for the 4-hour exposures. 

.,” _ ,,_._ ^__ _“.^ ,.i . ,” , 4 ; 
,The NOEL for monkeys grven a repeated 4-hotirinhaiation exposure to _, ; “~ _,_ ” _.. -, / ,, ., , ,._. ^ j ‘-, - le”‘, , I, **, _. 

ractopamine hydrochloride aerosol tic 1’70 -pg/inJ. The lowest aero?ol concentration _; ,.- ,,,,. a,, ‘ _’ ;; ,>.^ -., . _ j ;~ : 
level that produced a sig;uficant increase in%& rate ‘has 380” &m3’for,4 @us. A ._ ,.. 
ten-foId uncertainty factor (see below) was applied to the NGB.Lof 179 kg/m’ in (, /. 
monkeys, resulting in a Lilly Ex$osiire‘Guidelineof ~i$ &n’/12 hours. ,The,exposure 
guideline is more than~20 times lower ih&, the io&&t &b&%e concentration’ , .._ ,.“,._ .,, ., bi .,._ *. ,_ > *>:,,*_ _“. /,- ,I \ i.~lS .L. ,e 
(380 pg/m’> that caused detect@@ heart rate effects in monkeys. nc,NbEc fo”” ..*..&“.::f: :. ,>,, “/ &&A.. _“” ., . ../* *> <” :.. v&“r~n: _, ~~~~~~~~~;~“r/,.-t:L”.g9- - ” (1’ “L.3 ; A\< <:;:,. *3. ‘/ A ! 

r mo eys exposed to an aerosol of ractopamme hydrochl~oride for 
1.5 minutes was 2460 pg%i”. A lo-fold uncertainty factor (consistent with the- 
uncertainty factor use; f;;the racioptine &). was appii&~G&; Lfi$-;lo& j 

, ‘I- _’ 
2400 pg/m’, resulting in a LSTEG of 240 @/m3. L: *,~,~.,.**r;a.~.,~~,~~~-a;~~~~‘“.. .\I’., :’ ‘““? .* *$-““*w -6‘. / 1”1, ,I,” s, 

The Lilly Expdstic’GtiideKne C%%i%ee, representrng the drscrphnes of 
-_ *,* 

industrial hygiene, toxicolOgy, pharmacology, and occupational mcdicinc, uskd ‘ti ,” e __/ .A.,_ %._% i,, *+,, .:.p L’, i ;j ; ri, >,*T,’ ~~~“~~~&<& &q~:..<i. ,2&l : ~:+A. ,j> :i’-; .,:: :&$ /I.* -y.; li,,,? I; 
uncertainty factor ‘of f~~~~~~‘“~~.le~~polate from the mhalatton toxrcology stu,dies m . _, 
monkeys to exposure guidelines for man. ’ R$ii aIreview‘.~~c~~~n;ii;e‘o~~~ to#i$egy 
testing, the committee determined that heart rate increase was the most sensitive , __ _,x^ 
indicator of exposure. it was also felt that‘the h&&t r&e endpointSwits a tiansient ’ \ .’ _. physiologicd event that iid a high Iji&ih;od^of fwgJ-;e.y$ thk-i;~jg%;if’it”” _., .~‘ 

I li‘. ~ _“, “. , _,( , _ .;.., I” ,_, ,, 
occurred in an occupational setting. The monkey was chosen as the inhalation ’ 
toxicology animal model because ~eros$$eposition in the lungs of monkeys ‘is similar ‘ j. /..,,,, I:.^ 
to man. The simihuity of rcsponsc ‘of monkeys to beta agonists (the chemicaljdass’to 
which ractopamink if&t@ j &$q&ed to that df humans h&ah im&xt&t ia&r us& 

a. -_.. _,-. in supporting the lo-fold factor. Carlson et ai., (1993) com$$ed the resp&isesdf _. , ._ .’ 
monkeys to inhded isoproterenoi (a classic beta agtinist) tcth$, previcusly ___, (1 .z:;-~l..:, yi - */, _^“,% ,” 

,“ r ,“‘.~ ‘. 

. ,  “_ _. /_ ,  

, . ,  I .  
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_I,. i l  .L” -. ,“. _ __a,<_,,“, “. i  _,_ _ .) I- : i  1 ,, 

response of m onkeys to intravenous ractopam ine was !&nilar to the resbonse in m an 
(icier e; AZ ;:. 1983) tc intr&enous bum pam ine (me cardioacuve ‘G’&,om er of 
ractopam ine). Therefore, it was felt that responses in m onkeys to inhal& iacto+t&e 

~ . “.:z’ _;, (_ . ” ,b _ ,,: i .‘* :w,*,‘* , -” )/iel.+‘.*, .^*i .*&,. .l, ,),~a<.+.: $,&,h-: >>\ :.“;,A  j :, *  wouid’ be ~mdictii;e‘of’thoskIn m &  and a lD$oid ugctytam ty factor was appropriate. r *,; 
“.^ ._ __,, ^\.\, _/_ _ I, ‘ . . “‘.i, ‘I ,,... I The Com m ittee felt ‘that if workers were exljcsed to the LEG. for full smfts, or, to the ” 

LSTEG, for isolated instances, nd &&&se he&h’“effects’wouh$ result. I ,‘ i 1, 
Both the short-term  exposure guideline and the full s’m ft LEG relate‘ t$” distinct 

and important exposure events (with respect t0 ex@osure c&em&&arid tim e j, V_.( ~ ii> *  ,.,. ./__ “._ I. ~” .^I 
Exposure to the LSTEG concentrations of tactopam ine for fonr S m inute periods in 
one work shift will slightly exceed the full shift LE”G exposure. (As apijiied to the 
ACGlH definition of a STBL). ‘J$zfore; it is iiiiporti;;;t”th+ b6t.h fim i’ts%eccm$ed ” . . ..* ,./_ a.“.,s~,~“v ., “. .“.>” (.. I .“, / 
with in assessing and controlling worker exposure. In cases‘wherc expbsure at or below .I the LsTEG does.not eniu&com pliande oy;tiKfii6t; &&;6i;F;l;&~~.y~,~66 iiii “@  

- . , .,~_” .-a li LEG, appropriate additional control m easures should be u$ed%S*i~wer the f@smft 
exposure. 

Conclusions: Exposure m onitoring of the current form uhtiion of :rb% ‘ractc$m i~ 
“i,. /^I#.,; ̂. I”“_ _1, C,..,“,lUj,~“,,,,, 1_u!,. .ru...,~.~..i;,,E,l’“i. *Y (“up.>.>;,“*.. M .iar ,, ..-;19..‘~ A&,,. -0: 1... 

hydr&hloi;ide (on corn cob grits with 1% added soybean 011) m  a feed m 111 setting ) __ 
-= 

*>., ‘;_,.L,. ,t i. -, m onitored ,in the absence of local exbau$t ventilatioti-or oth& expbsure control I 

m easures iesulted in exposure concentratiorrs to workers substantially i&s t&m the . 
exposure guidelines established by the Lilly Exposure Guideline C6m n&e. The ‘.’ -” 
exposure guidelines were derived from  inhalation toxicpl,ogy ‘Studies with a lo-fdld , ,.a _ . : ._ .1 lcl_ ,, -, 
uncertainty facto; ap$ied to the NOBLs-determ itied in-~~~ea~~~4~~~u~‘kjip~siii;e tid .I . . . r / 
single & m inute exposure inhalation toxicology studies. ‘The respective exposure ‘% ,. y.‘“*~ yj”s”T, :” .% i 
guideline values for the tim e weighted average 12-hour ex$ium $& determ ined to be 

) I’ 

17 nCLg/m ’and for the I fi-m irqte exposure, 240 j&m’. The average breathing tone ... 
i ̂  ,,.~ concentration of the batice opeiator during the wdti~~~‘~pe‘rafibn”~~oirom  a lerks of’ / ._ I...,- 4. ‘__ 

exposure m onitoring s&lies was approxim ately 23&gIm fo~“a l-m inute period. ?he 
m ean breathing zone concem ration for the 1 S-minute weighing operation was 
17.6 pg/m ’ (N=$ ‘-- 

,, JJx __” -,/,, .‘” -o.,- ..-_ I F  I ‘.,.__, a. i 

Workplace safety has beettestablished foi the feed m jn’ operator cn tbc basis of 
inhalation toxicology ‘studies with lo-fold uncertainty factors and feed tiiill’dxposum  -’ ,. 
data collected.without the benefit of’local exhau~‘veiitila~on,or bther e$os&e control _. j 
m easures. No adverse health’effects in the workplace’areexpected when ex$osure. 
levels are m aintained at cr below &e’LB’G~and LST$GI ’ ‘- ‘- 

‘<$ ._ _,., __ .x 
‘x’ :) 1 
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,- 
Test A,&&$ 2 percent ractopamine hydrochlotide cor$cob $t premix ‘tiith soybean.oi] ._ 

w- 
^_‘. i ..I ;,; I ,,,,, jd ,.,, j ,*,. j ,,“. cl___.z,d.l~~ , -_,_-. _isl ._,-, - ,; ,.% 

tal Des*: “This stndy’tiasdcsigned ‘to assess the worker exposure to 
. - 

,.l_ ,“, h.,(” *,q .->,. Ij : * ) “. a formulation containi&‘2”% ractopamine hydrochloride ~$tfi” I % added soybean oil in 
a feed mill operation. Three types of monitoring were conducted: full shift (8-hr) personal monitoring .for ‘tie Furpoie of .comcarison && .&gciif-j; ~y&w+a& Guideline 

(LEG) of 17 @/m3; short term (15~min) personal monitorjng for comparison‘ with the _..,% I ,urnrL. l**.a~i /*.‘~.,,,, :“* h. 
Lilly Short Te-rrK Exposure Gurdehne @XTEG) of 2&“O$g7m3; and area monitoring to 
assess the concentration of ractopamine hydrochloride in airibient~air’in ‘v&i&is ” :” ,~ “+ L _j ,6, .!.;Li, A$$ _ +&%3 &0#‘,“:-,4q ..$i ,&‘~” _ >d ,.. I 
locations. The feed niill at the Efi ‘Lilly Greenfield Laboratories was the srte;of the 
study. To simulate an’exposure environment to the~worker e&p&&& commercial . . /_ . . I~ . )I ‘” 
feed miii -$ith mmrmaI or no engineering contfob, all engine&rig exposure control 

Weighing of the premix was conducted on. an electronic platform scale.: The scale was housed’jn a cement-bIock ro-o-~ ,(,-~t x “/ ft) .s~t;;a~~dl~~~~f~~ ~idra~~ w~~holse. 
After weighing, the premix was‘ poured through a smah dobrldt the tojp of the’iiiixer for 
blending. The mixer’ is aI’. ton capacity, horizontal ~olif;~~~~~~~~~~~~~~~~~~~ &vi& ’ -..rp”L. .~(t I, . T_ c,. ,._ . . .~- n ‘,*-r*a**,*. ihi:‘*r~ .1,_” .“.“\ -.a*. made by Wenger. The”r%&r 1s totally enclosed (one cloth dust bag for-$;‘* ‘?” ‘-“-’ ’ 

_ 
displacenient) witti dust giha‘“st ii;e”s attizKeh; ,.“Tfieririg#.g’g q-q-Ga. in <&. -tiea that is 

j -.,LL+rJ_, *.: *;>, , .;..,<*a, Ir&iaf?il/, .L*r;r.&:,r i,pwq”“:+: a.8 ,::.~w& >&&4-“x, 
about 35 fi X 55 ftft;‘“it>nZ$ th$nix;;‘ingc~cIe was completed, the blended feed was 

“‘. . _ 
,e”“. _s*,. I ,/j,i>“i_ .; a”’ +.‘“.*~ *,” i ,*b,I dumped into a surge bin directlybelow the mixer andtrzjns@rte~ pneumatrcally to the . * 

_I”,d.. I.. >_&a i_ j finished feed bin‘f& biiifiig.” Th.~~~~~~was hi;,‘dh&dv~~~i~ti.“i~~ .figiihed feed brn .,.. I ., ,. 
down a metal tube tO thy, hopper on the <baghoui~ sc&.i fi;sih%.~f;dh (&jjy.uL;~‘) .A& 

..I_ _ _I ,, 1. ,. jl. released from the scale into a bag. 7’he top of the bag w~-~~~~c~~~‘c‘lb~~~‘~~-placeii on 
a pallet for transport to awarehouse. 

The premix was mixed into fifteen. separate 750-pound batches of a ik’$ crude protein com~soy swine,grotvkriiiet “(ratio; no* j f) u;~~~~~l;“~i;i’i’ii~~~~i~~~“~~~h‘”6~~c~ 
* . . E-4 .,. .“i!i,, ^arl. s+ ‘?+a ;. ,, of feed Was r&&l *to ciiintain abc$~‘riirjiii { 18.14 g/ton) of ractopariiinebydiochioride. 



personal monitoring assessing the weighing task; and one for short-term personal 
monitoring assessing the ba&ibg t&k.‘**Wh&re a~~i~~~~i~;~~‘~~~~e~~ mean and .,~,., I_ ‘geometric standa@ de$%ion”@Dj v&r& &culated for-&h *$E!g:, ‘~u~l~~&~f~ijkrsonal . ‘_’ ea>,~,x. 
monitoring was conducted for approximately 6.~5,tc 7.5 hburs at a flow rate rdnging : .I,i < ~,.,~~“:..~:“;.~^ “~ *. ,L ..?, i itp*~iL*i / 
from 2.lQk@n,to 2.55 t/mik. Nine samples were taken yreldmg breathing zoiie 
concentrations below Ihe fimit~of*de~e~tio~ (LOD) (&u@ieLGD ranged from’ 
0.105 &m3 to 0.155 pg/ii3),-with the exception of orie sai$e~&‘fiadet~iable 
conC&ration of 0: 182 @/m’. 

Three +nples were takenwith a minimum bf 0.432 +@ti’, a maximum of 
1.523 @m’, a geometric mean of 0.924 C;g/m’, and a geometric SD of l,.953. Short-teti.~~odd ‘G6titiis-$&& m~dj~~~~~~~~~~~~~~~~~~~~~~~~~ ‘G;i . 7 . “’ 
conducted for approximately I5 minutes at a flow rateranging from 19.35 l/&n. to 

- 20.30 l/rain. Thirty sam$les were taken, most yielding breathing zone concentrations 
below the . ..“_, ,, LOD I -. ” I (0.4 I I pg/m’ to 0.436 pg/m’), with the excepGon of four with $etectable 
concentrations ranging from 0.428 pg/m’ to 0.600 pg/m’. The four detectable >results 
had a geometric mean qf 0.489 pg/m’ and a geometric SD of 1.160. ,*..L _,_. .<,.\_W/..1 ., 2 * “a.<./ *a* u*e$s;,i ., .+v All pekonal monito&i~ j;ielifecEoncentratlons below 

Ij * _,,, ,,e.,~-.&z,;~~~ i_. .(. ,_ .-at *J. I I*, ^, ‘~ exposure guldehnes as .,,““.,. __. ,,‘_. ,’ _.,‘ :. .,I ” 3 ;“” ., . . ^ .) -:,, I,:r ,I, , “* “,/“l..a “. ‘$,A‘;, .i ,, i -J r_ I. 

I- !^.. 



Area monitoring was conducted to determine” the ambient concentrati& bf 
ractopamine hydrochloride tihjle~ the varicus tasks (weighis$, mixing, anu baiging) ” l_,~, h,” “.. . .,* were occurring. Samples were taken froni areas contigiidus to the task a*” ‘I. 
approximately 15 feet from the task; All area stiples &em c&e&d for”Z$~roximately I’ ‘ -- I’- i’ 15 minutes at a,fliiw rate ranging fr.m f‘g~m~y+~ tb 21:yg.r-&-mi ‘;cx ‘aiea 

samples taken during the premix weighcng operation yielding-non-detectabie ‘. 
concentrations (less thanX436 "pg/m'). Fifteen area samples Were taken near the 
mixing operation (pumps were located on top of the n;ixerj. “Elk&$ cf.m&e samples ,._, ,x .‘ ..‘ _ I .‘. “,i”i.‘- . _.. . . ., - yielded derecrable concenfrattions rangmg from 0.536 pg/m’ to 1.155 @I?; -w-$h a 
geometric mean of O.gq2 @m&d a geometric SD of 1.263,. Fifteen samples 
collected at a site ~pprdximately 15 feet~fmm t~~~‘feedriiijt~~~o~~~~d;l’“~~re gel&v the 
LOD (~0.4’10 rig/m’). Thirty area samples taken during medicated feed bagging yielh‘ed 
non-detectable conccneations (less than 0.433 pg/m’). ‘Th.i.i$ai; ‘~~~.~~~~~~~~~~~~~~~~~~~~..~or~e~ exposure to ractopamine 
hydrochloride’ while -.gigEnrfi<&i ;;ii;i” stihg’zti$ bag~~~~~m~dicated,.f~~~ in a feed 
mill. Full-shift monitdeng‘ dgmbnstrated eiposuie’.leir~~s of racidIj&~g ~ri-.~i~A&y$a 
to be less than 1% of the exposure guideline of 17 pg/ri~‘. The mean breathing’zone air 
concentrations of rac:topa&rie hydro&Cide at the~operations judged ri> ~~esint~ihe 1 
highest potential for short termetiposurewere 0.2% to 0.3% ‘of the shdrt-term exposure 
guideline of 24O’pgIm’. 

These data dem,enstrate,_that atmcspheric ractopamine hydrochloride exp’dsure to 
workers weighing ractopamine hydioctioiide presx, or mixing or bag$g medicated 
feed were below reeoirimended exposure @delities. . I. 

..L .~, I, _ - _a,_ “~, .,,” “_ 
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^ I ,. ., 
‘heir’ iiinples weie l&ate! cpii~ig’uous to ihe task; ‘far’ samples were‘ located 

. appro%iititily ‘15 ifiet‘awiy 
_, ., _s _) 0. ” . 

I, 



, j . /  , 1  , _  _ , 
m  C o m p a ra ti v e  m e ta b o l i s m  o f “C  R a c to p a m i n e  H C I i n  C a ttl e , D o g s , a n d  

R a ts  
$ ’ ,!:. 

S tu d v  N u m b e r: A B C -0 3 8 7  

S tu d v  D a te s : J u n e  IS , 1 9 8 7  to  D e k e m b e r ( j , 1 9 8 9  I ,_  1  

N a  L a b o ra to r i e s , D i v i s i o n  . j  
, “._  / . . 1  .“. ,;, $  . 

T e s t A rti c l e : ‘“C  -R a c to p a m i n e  H y d ro c h l o r i d e  

T e s t S v s te tq z  C a ttl e  I ,: (., ,^  
a rv  o f F x n e i i m e t$ @  D e s &  L i v e r, k i d n e y s , a n d  e x c re ta  fro m  c a ttl e  re c e i v i n g  3 0  p p ti  

o f “C  ra c to p a m i n e  H C l ’i n  th e  re e d  w e re  u s e d  to  “$ l e n @ y  d n d  e & m a m  ‘d i e  .“C - : 
ra c to p a m i n e  re s i d u e s . R a e to p a m i n e  u s e d  i n  th i s  s tu d y  w a s  a  5 0 5 0  m i x tu re  o f~ u n i fo .rm  
‘“C -l a b e l  o n  r i n g  A  a n d  r i n g  B : P a re n t’m a te i i a I & d  m e ta b o l i c ‘p ro d k ts  w e re  i d e n ti fi e d  
a n d  q u a n ti ta i e d  b y  h i g h ~ p e rfo rm a i k e  l i q u i d  C h i o m a to g r@ b y , ra d i o a c ti v i ty , th i n - l a y e r 
c h ro m a to g ra p h y , a n d  fa s t a to m  b o m b a rd m e n t m a s s ”$ k k tro s k ~ p y . . ’ ’ 

i  
.,, _ . ,,._  ! ,I 

.‘ l s u  

m m a rv  o f R e s u l ts : 
^  -  ” I.‘_ ._  :~ ,_  j ”  ,*)’ I _ _  -.I . .- ,_ , ,.,;’ ,*;” :, _ ) 
C a ttl e  u r i n e  w a s  e x u a e te $ “ti i th  d $ th $ e th e r. 5 8 % .o f th e ~ ~ m ~ d & & i v i ~ y ~ W ~  p & i ti o n e d  
i n to  th i s  p h a s e . H P L C  d e m o n s tra te d  th a t 8 4 .2 %  o f th i s  ra d @ @ v i ty  w a s  ‘ra c to p a i n i n e . 
T h e ’a q u e o u s  p h a s e  w a s  fu rth e r p ro c e s s e d . T h re e  g l u c u ro n i d e  m e ta b o i i te s  ( A , B , a n d  C ) 
w e re  i d e n ti fi & d  f& y  ‘1 9 : !% “‘to  ‘4 3  ~ ~ o ,:-f* i h )e ”~ i a d i o -- i i v i _ ~ j ;“i n ‘t~ e ’a q u e ~ ~ ~ -~ ~ h ~ ~ . F e c a l  ..I _ ,* . 
re s i d u e s  w e re  s u b j e c te d  to  th e  ‘s a m e  e x tm c ti o n  a s ,,.a b o ,v e  ,S e y e * n ty  th re e  p e rc e n t o f th e  
ra d i o a c ti v i ty  w a s  e x tra c te d  i n to  th e  e th e r p h a s e . T h e  m a j o r i ty  o f th i s  w a s  ra c to p a m i n e . 
T h e  a q u e o u s  p h a s e  w a s  n o t fu rth e r c h a ra c te r i z e d . 

, 
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m : ‘? I -Rac to p & i n e  Hydroch lo r ide  B a lance-Excre tio n  S tudy  in  C a ttle  _  f . _ , “r” / I (,, . i 

S tudv  N u m b q  - A B C - c 1 4 2 2  ’ 

S tudv  D a tes : A u g u s t 3 , 1 9 8 8 to  M a y  1 9 , 1 9 8 9  II ,I_*._ .,.“. _ ._  ., r  4 + -  a - ,. _ . _ ,\ III . . ,” *_. _  1 ,,,,, , ,. 
: J.‘E .“Dal idowicz,‘a n d  T . D .~ T h o m s o n ~  & y B e & & h  

. l ly a n d  C o m p a n y , B o x  7 0 8 ~ G < e & fie ld , Ind iana  4 6 1 4 0  ‘, : I . .L  ,, j’ ,. 
Tps t A rt& & z ‘“C  -Rac to p a m i n e  hydroch lo r ide  

T - m : C a ttle  

S u m m a r v  o fE  n  n m  I . ‘eri i l  D ;‘ i, es  g o : T & o  c rossbred  steers we re  e a d h  fe d  twici: da i ly  6 .5  lb  o f 
fe e d  con t$iif 3 0  p p m  o f u n fa + b & d r ~ ~ to p a m i n e  hydroch lo r ide  fo r  8  days . A t th e  e n $  o f , 
th e  p redos ing  pe r iod ; each  steer  rece iveo  a  one - tim e .dqse :~ ~ ;~ .~ ~ ,n g /kg o f ‘C  - ^  _  1 .. ._ .*.“-. ,” 
rac topamine  hydrwh lo r ide  by  g a v a g e . ‘T h e  steers th e n  con tm u e d  to . recerve  $ 5  ‘lb-of  
ra tio n  con ta in ing  3 0  R @ m ,o f & & & e & l r G to$min i  hyd ro& lo rd ie  twice dai ly.  u & l 
te rm ina tio n  o fth e  expe r imen t. T h e  e n tire ur inai j ;  a n d  feca l  o u tp u t o f each  an ima l  was  
col lected a t 24 -hour  i n te r@  fo r  !O  days . *. ” / 

‘ ,, _  ,,^  ,” i ..*s_ j .., z * I. a _  /. ‘, ” ‘i ‘- .: ‘I i 
’ & m a r v  o f Resu l ts: Dur ing  th e  lo -day  col lect ion pe r iod , th e  two’a n i m ~ s ’e & r e te d  a n  

-ave rage’o f 9 7 .8 %  o f”th e  i hed i& ica l  dose  o f “C  - rac topamine  hydroch io r ide  admin is te red . 
A  to ta l  o f 4 5 .6 %  o f th e  recovered  ‘“C  - rac topamine  hydrochlor ide,was,  fo u n d  in  u r ine  a n d  
5 2 .3 %  was  in  feces ,, ‘T h e  bu lk  o f thi: ‘“C  - rac topamine  dose  (92 .5 % ) was  excre ted in  th e  
fist 4  days . 
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A p p e n d i x  H : R q m t !l? m m n i a r y  
i 

I _ ,_  < .^ . ,_ . .,.1  _ ,,_  , I ,__ -  I ‘” -‘. 

m : Hydro lys is  o f Rac to$&r i e  Rydro& lo r ide  in  A q u e o u s  R u ffe r  S o lut ions I‘_  i 

S tudv  N u &  E W D 8 5 0 9  I ” ., ,/ : . . . r  . i_dj,  a ” 1  *j_.,L,~  )I .,t < “- IT <  . ,. 0  . I t : : .I. “‘ _  ,., ‘&  * _ ” I 

S tudv  D a m s : June  1 9 &  to  July 1 9 8 5  
, 

. _  . 
N a m e  a n d  A d d r  ss f In  S W : K . S . Cocke , Li l ly Research  L a b o r a tor ies,  Div is ion o f 

E li L i ly & $ $ ? $ ~ a ~ ~ ~  -Box  7 0 8 , G reen fie ld , Ind i titi 4 6  1 4 0 ’ b  / 

~  . Tes t A rtrcle: ~Crys ta l i i n&Ra&to p a m i n e  Hy&ch lo r ide  

-: L a b o r a tory  hydro lys is  ra te  tes t wi th ster i le b u ffe r  sohr tions  ,a n d ,,h igh-  
pe r fo r m a n c e  l iqt i id c h r o m a tograph ic  ( H P L C )  assay  o f s a m p Ies . 

S te -  ‘1  
,I) 

S u m m a tv o f E xp& i rneg@ l Des ign : n  e , a q u e o u s  b u ffe i’so lur ions o f R H  4 6 ,7 .0 , a n d  9 .0  
we re  fo r tifie d  W ith  ~ .O O ’& & X , rac toparn ine  h y d r o & fo i ide  ‘~ % ia in&ed  in  th e  dark  a t _ , .L  1  ‘... .a ,, . ., ,. .,./ ” .‘ 52°C . S a m p les a t each  p ff we re  p t$ iodical ly  r e m o v e d fo r  u p  to  7  days  i;ft;-r ir$iation’o f 
th e  study a n d  ana lyzed  by  H P L C . I / 

/ i 
S u m m a r v  o f Resu l ts: ‘A t p H  4 .0  a n d  7 .0 , rac topamine  hydroch lo r ide  was  hydrolyt ical ly 

kab ie  in  w & e r ? tf~ e r  7  days  a t 52°C . / ” S f., _ . e  . ‘., 
A t p H  9 .0 ,‘th e ’r e S u h s  a t P C  m d i~ a & i% ydro Iysis 

o f rac topamine  ~hyo roc&r ide~ i th ~ a  first& h e r  - rate c & t& it o f b $ @ % $ay-  l. Th is  
co r responds  to  a  ha l f-life’o f 1 9  days . Hy tio tysis a t env i r onmen tai ly si .gni f$uir~  
te m p e r a tu res , shou ld  b e  m u c h  s lower.  _  / ,,. (  

i __  .  .  
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Title: Definitive Hydrolysis ‘Study of Ractop’tine Hydrochloride in pH ‘9.d &u&us Buffer 
Solution _ + i 

, : 

_ ___. 

S tudy Dates: July 1986 to Au@& “1986 “,. .‘. __ _ 
” i 

: J. J. Lewis and T . D. M acy, Lilly Research j 

Test A rticie: Crystalline RactoRam irie Hydrochloride 

Test Svsteq: Laboratory hydrolysis rate test with sterile, pH 9.0 buffer solutions, at room  
tem perature and high-perform ance liquid chrom atographic {HPLC) assay of sam ples. /^ . 

Summarqr of Ewrim e 
sterile aqueous. bu 

: To further define $e extent of @se prom oted hydrolysis, 
of pH 9.0 were fortifie&&b.,~@  &/mL ractopam ine 

hydrochloride and m aintained in the dark’at q?“C. S .mples at pH 9.0 were periodically 
rem oved for up to 28 days after initiation of the study and analyied iii tri$i% te:‘~ ” / 

: The resuits of this definitive hydrolysis study dem onstrated that 



w: Sunlight Photodegradation Study of Ractopamine Hydrochloride . ,. 1 _ -% ‘,” ,. -*./ ‘V ,, </ i : 
- 

Stidv Numbee EWD8625 ’ : 
/ 

adv Dates: July 17, 1986 to August 21, 1986 ,/ ,. _ i” .I ., .,. ,’ .“,. ,-se, 
I&g@! ‘. and Addres of In es gators: J. R. Koons and T. D. Macy, Lilly Rese&h ! ’ 

Laboratories, &V;sir%%t~ I% Lifly and”Company~ “Box 768, %x%enfield,’ Indiana 46 140 .~ ,, _ ..I ,(. ,, ..r”; ,I,;” :a ;. .“. c*-., _ __ . , “~ -, .I i . 
Test Article:. Crystalline Ractopamine Hydrochloride : I. ,‘? *_ : 
Test Svstem: Summer &lighton aqueous solutions in qua& tubes. . *.^ b/k.< .,, ., 

Summary of Experim t$ Dba: / 

Solutions containing 10 p.g/mL of ractopamine hy&ocmoride^~%re prepared with sterile *- 
aqueous buffer solutions of pH 5.0, 7.0, and 9.0. Aliquots of these sterile test solutions 
were poured into sterile quartz tubes, sealed, and exposed to sumr%r sunlight <t 
approximately 30* from the’vertical. Test sample’s at pH ‘50 atid 7.0 werekxposed to 
sunlight for”21 consecuiive~days. Test samples at pH’Pr0 were exposed to sunlight for 
one day. At each pH, identical positive controlsolutions contained in c$&tubes”%%re ’ 

^)_ :” ,’ wrapped with aluminum ‘foil to ,exclude sunlight and were exposed for slightly longer 
times than the test-samples-‘Buffer solutions (blanks)^were also exposed t6 sunlight to 
check for any interferences. At the initi&on of the sunligli~‘@hdt’dlysis study, z&b-&ne ,,^_ :a~.?%” samples for each pH weie placed in the&& fd;r subsequent as@ ‘at the end ‘of e$h tcsi 
period. At certain intervals and tit the end of each test period, the ractopamine , ,,.. hydrochloride concentratious were measured by highperformance liquid 
chromatography. 

,,. .” _; 
The relative sunlight intensity during the study was monitored using a chemical- .“. . “I,, 
actinometer, p-nitroacetophenone (PNAP). PNAP solutionsat~ l&&L in! 6.063 M 
aqueous pyricline were exposed to sunlight as previously described for the ractopamine 
hydrochloride samples. / , . . 

,. 
Summarv of Results: No degradation of ractopaniine h$lro&loiide or ‘PNAP,was ,pt&v.e.d_ _ . in positive control solutions. Both ractopamme hydrochlori.de ‘and PNAP photodegraded 

in sunlight at all pH levels: The averige aquatic photodegradation rate con$$s,~(~) for ractopamine hy&och*lci~ag’;;r; ;a$;o;t;o; .‘.$ g:~~~~~~o:;0,0657, tid l sq86 .’ 

days-l, respectively. The correspondinghalf~lives for &&pat&e hydro&$de in” ’ 
I aqueous solutions exposed to sunlight i7verk -16.3. 1015, and U&‘dayS’at pH S:oI 7;O; and -, ,il. 9.0, respectively, Quantum-iyield’Gti not determined”in this studi;‘ sb &cur%e$timates .“::.. 

of photoiysis half-lives at other latitudes are not available. Photolysis productg~~ere not 
identified in this study. Based on these data, however, ractopamine ‘hydroci;lo$de should 
not accumulate in the aquatic environment. / ._ I. 

I 
-,- .~,,.” ._,. .-1 ’ , i * ;;i ;j__., -’ “ “; . ̂  “: / .,.- I . ~‘-.$;,A 

.- _ _, ,.. _’ “, ~ .~ * ., -2: :: ;;,,:<:, j>T::,, ‘_ ‘;‘.. ‘; _ ._ ! l,., , .,,, \.” ,_ _)” 
? _a ,_._‘_, ,~ _. “* _., _I .* ~ ‘IT,.“1 : 1 ,! II.>“‘, i ,J” )” ,/* /_^.T ,,,, _ -.i > “.,_ . ^. :. _, z-i: 1” ., * <. _x ., , i -1 -’ ” 
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m: Ractopamine HCl, Ready Biodegradability (Closed Bottle Test) _’ ,, : 
Studv Numbev DTA 3193‘1783 . .,<,. > 

“i I, .: 

S-a: September 2-3 to Odtober 21, 1993 

: R. W. S. Halls and C. &I. King, Huiitingdon Research , 

Test Article: Ractopamine hydrochloride ” 

Test Svstem: Sealed bottles dontainiqg ractopamine hydxochXo”iid~, inorganic nutrient media 
and activated&wage sludge bacteria. * ‘- ‘” 

, .,,. ._ ” ! ” ~,/’ 
., ,.-*, 

Ital Resin: Sealed%ottleS conmining ractopaniine hydrochloride 
(2 mg/L) and in&g&~ nutrient medium were inoculated’wim activated sewage sludge 
bacteria andincubatedfor up to 28 days at 204’~. On days-Q 4,7,. I l,“l4, 18,21,25, 
and 28 duplicate bottles ivere taken anddissolvod oxygen me&rem&& ‘we& p&fo&ed 
electrochemically. Percentage biodegradation values’ were’Ea&iiated by coriiparing the 
extent of oxygen depletion‘with the Tl@or$ical Okygen Ikxikid @@%igC$ig). 
Additional bottles, containing both the test substance and a readily biodegradable 
standard substance were preparkd in order to provide ‘ad~i&n&‘iriformation on the SW “’ inhibitory effect of the.& substance. 

Summarv of Res&: Rktopamine hydrochloride &mined 86% biodegradation after 28 days. 
Ractopamine hyd.ro&hkide can be &nsidered to be ultimately biodegradable by the 
stan&rda, of this~studyi Sodium benzoate, the positive control; attained 72% ’ 
biodegradation within 2s days. Raciopamine-hldrochloiidi: was consider&d to, have a 
slight inhibitory effektbn~sewage’bacteiia respiration based*& the %$GIitiona of this test. 
Inhibition of respiration was not found in a separate study (Study Nm595)‘until 
ractopamine hydrochloride concentrations reached lQ$‘M mg& 1 

: ‘. 
. j  , I‘ 

~. _  ,.,. -4 ., ,.: 

“i /’ 
: 

,- _ 
/ /.-“_i_ 

i 
I !. 

l._ __-  .( (, , . .“. “. “,,’ “i. 

.’ . / 



Appendix L: Report S&nary ,~ , c._ -._ 1 ^ 

m: Soil Sorption/Desorption. Study with’Rakto@mine Hydkchloride .:, ,, ,I , ,.,“‘/‘,T _ i __ ,_,. 
Studv “Number JJL8602 __ .- ._ .” ,_ . \ ./ 

^ ’ : 

, 
Studv Dat e?: July 9, 1986 to August 51986 ” 

Name and Address of Inv&tors: J. J. Lewis and T. D.‘Macy, Lilly’ Reseakh ’ 
Laboratories, Division of Eli Lilly and Company, Box 708; G~e~~fieliI,‘~diana’46140 “. : ,. 

Test Article: Crystalline ‘?Xactopamine Hydrochloride ’ 

: Laboratorji kinetics, sorption/desorption;and isotherm determination tests with . ” 
,’ / 

. . _ I( . . . ” ___, , _,, ,. . t ‘*l I_ j 
In the soil kinetics test, 8 g of each soil”ty@‘were equilibrated in glass centrifuge tubes 
with 40-n& solutions for&f@ pith 1 :O hg/mL 14C&a&p&ne hy~orokloride in 0.01 M 
CaCl7. ‘Blanks containing‘soil and 0.01 M CaC12, yet no ractopariine hydrochloride, 

the soil.in’suipension. At zeio-time and at-the en4 of,?&, 48~ and 72-hourfmi@g 
periods at rddm tem$erature, ‘fortified samtiles and blanks from each sojl,type were 
removed “d ctq$jfiig~iX‘ ~AXqubts’ keE’?%&$%d by radioctieinical analysis and high- 
performance liquid chrox@atography . 

“” ~‘,~ ._ ,,_ (_., /.s.,*. 
, I, ,. s 

In the sorption/desorption test, 8 g of each soil type were equilibrated with.40~t& 
solutions of 1 .O_pg/mL ‘“C-ractopamine hydrochloride in. 0.01 ‘MC&l2 for 24 hou.m on, a mixing wheel at rdorn te&~~~~m~e. “~&v& iosniGning no,ract’b;pamiI;e~~yc~i~rjde 

were also prepared. After the equilibration period, samples weie centrifuged and an 
aliquot from the aqueous layer from each tube was analyzed radiodhemically to measure . .._ .,._ :he extent>hf sbil sorIri~;l~~~~~~-~~~~~~~~~~~~~~us ^r-..wG decanted md anpFbcr $() rrliL 
of 0.01 M CaC$&lutiou’waS added’toea%of these tubes. ‘These~s.z$riRles tiere agitated 
an additional l6 hours and centrifuged: The aqueous layer was then analyted ,,_j_‘l, 
radiochemically to mea&%heextent of soil deso,r@on: The’rerngning aqueous layer 
was decanted as before ,a,$ the desorption process was repeated one additional $me., For 
the determination of m-w‘s balance, the aqueous layer was decanted and the soil s.amples 
remaining in each of ,these tubes were analyzed by ‘%Z -combustion. .,._ /. , “1, _. ;,‘:‘. \ .:. I !._ 
In the isotherm determination, 40-mL z+olutions of 0.2, 1.0, 5.0, and 25.0 &!$A ..,.. ,._..“...~ ) .,‘ 
“C- ractopamine hydrochloride in 0.01 M CaC12 were equilibrated with 8 g of soil in 
centrifuge tubes on a mixing wheel. ‘Blanks were also prepared. After a 24-hour.,. _,.,. I .i 
equilibrati& period, &&i&p& wire cen&f$&i’ax$ an alii@i b‘f’the k(%&% layer 

: from each. tube was analyzed radiochemically. 
_ ̂  , .a ) _ ._ :: : _ .: _ I , 9 : _ . . ,. , . . . 

I , ..:,_- ; : I “. i. 
,-/ _ - : ” ,, jb 

i* ’ 



_’ !_  . <  . 
T h e  d a ta  o b ta ined  in  th e  soi l  k inet ics tes t indicated,  th a t th e  tim e  riqt& e d  fo r  r accopamine  ^ -  1  _i.‘_  , - -  .- ,/; : “,_ W  “. 4 . A  * 
hydroch lo r ide  to  ach ievk% t e q ~ l i l j r i u r n ~ ~ ~ ~ c e n ~ ~ tlo n  w w .,? p  boyrs.,  fo r  4 1 , $ r$e , sc$ types. T tie  r6 .ult’s Z f $ - f. s ^ ~ ~ ~ ~ ~ d ~ ~ ~ ~ ~ i~ ~ -~ ~ ~ ~ ~ ~ ~ ~ ~ S ~ ~ ~ e d  in  Tab re‘ll m 9  *mmass  

“... . , I _ . . ,_ , .-,,/.*a  ;,-i. . */ .) _  ~  *,. _ . A - ._ ( . n  .,. 
ba lance  d a ta- in  Tab le  Z  ,$ q e  d e te q m g e d to  b e  v@ w ,e x p e n m e n ta l  exw$  cjf theo re tical 
values.  <  , _ , , _ _ . ,. , 

Tab le  1  

S o il S o r p tio n  a n d .Desorpt ion 1  
,-of Rk io$ami r ie  Hydr tih lo r idZ * 

., 

%  Deso ibed  -; 

S o i 1  T!Jpe ?  yF! /.. .” p  DesoyF!y? ( . 2 n d  D tGori! i t ior] l’ .,-_ _  n  ,, L  ri, ,. I // ,.a . ,( _  $  

C lay  L o a m  8 3  9 .4  ” -7 .0  1  ,: 
L o a m  7 8  8 .6  4 - K  
S a n d y  L o a m  5 9  1 6  9 .9  

; 
j 

Tab le  2  ,“ ., 

‘, %  Re la tive ! 
S o il TvDe  8 2  ( O b s e w e d E x D e c ted )  S ta n d a r d  Devi i t im ’ *i a*(  ‘.‘--‘I ’ 
C lay  L o a m  8 9 .4  2 .7  
L o a m  8 5 .6  9 1 4  (  
S a n d y  L o a m  9 3 .5  9 .4  <  

// ._ I(. i I : 
A  s u m m a r y  o f th e  isothkm  d e te rm ina tio n  is p resen te d  itiTkl& ‘X ” i l ie h igh  I(, a n d  ic, 
va lues  indicate th a t rac topamine  is qu i te  tig h tly b o u n d  to  o rgan ic  m a tte r  in  spi f ,and is _  I .I, 
cons ide red  immob i l e’. 
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.“,j, ,‘.^ , ,  

Sorption Coefficients from Xso*erm .Dete_tifia@n , _,_ 

Soil Type Kda Kxb 
. 

Clay Loam 36.0 2007 
Loam 29.6 2698 
Sandy Loam 14.5 2090 

a K,, is the soil/water distribution (sorption) coefficieni 
b K, is the sorption coefficient expressed on an organic carbon basis 

1 KENAGA, E. E. ( 1’980). Predicted bioconcentration faqrs qnd. soil coefficienti of 
pesticides and other chemkak Ectox. Environ. &f.‘4:26r’jz.-k’ “̂  _ 
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Agpendii M: Report !tFry 
-_ < _I : 

. . )./ ,/ ,d” . ,m,, ,.,, ^* _ _, ,. II .I _; ,. :.. ,. ‘. “. !;“i’.,;,‘- ;. ‘_ _ 
I 

Title: Biodegradation in Soil of ‘d~C-F+ct~parnine Hydrochloride by the Soil fncutiation’ ” 
- Flask System . / .( .._ _/j_ 

! 

Studv Number: ABC-0332 1 i _.. ̂ _ . _ ,. *:,+;,.“- ^~ ,. .“, ,\ ,., _” -- .- e,“_-/ __.,, /^~. _ ., 
Studv Dates: November 4, 1985 to January 21, 1986 i”‘.’ “_ ” ,.‘*l,-.: +;-c (-“‘ ‘*,.‘i’Y..,i,**l .A” i”(, .XI.L <f / ‘) j. I ,~. 

L. L. Zomes, Lilly Research ‘Lab&tories, &&$idn df ” 
Eli Lilly and Company, Box 708, Greenfield, I@diya 46 140 _.: 

Test Artick: “C -Ractopamine Hydrochloride 

--, ., _ Soils c&&in~~ ii cldsed in&tb&ioti &sks.’ 
: 

j **-, :.>_.~% ?A.. -*..i,>< .-.. %_ :. ,_, i-l \,‘.& *% “l”,_ I ,,; .-. .’ .: ,., , I ; .‘ 
: 

determined 
The biodegradation of 14C-ractopamine hydro&loride in 

soil by pr&edures de&becj jn th~,i%(i.@$$%%~~ &$$e%%@n~ ‘l&@c:~, 
Handbook, Foe@ +$,Dpg Administration, Center for Veteri&y Medic&e. ‘(hree 
replicates in each of three soil types were fortified with ‘“C-ractopamine hydrochloride at 
a concent$~~ of 0.53 @g p&r 50 g of soil (aI@dxim&ely lE);6 ppti). Tkk fo?cfi”ed so& 
were incubated i,tj ttiplicate in flasks in’& dtili’ak ‘22’% &id&o% of ?kld @ki$uie 
capacity for a period 6f 64 days. Volatiles and ldC?t were colle~t~$,~-vriodically by 
means of a speciaily designed incutjtiiion a$ t&ppmg ~p~ar&.iS. Radi&&tivie, evolved 
as ‘“CO, and ‘“C vqlatjle products, was assayed by liquid sciritillation counting. *. .:, “I ,,. .,, ‘...-x *e, ,” .,/. l,*. ) ,./ , ; ” 

In the positive control samples‘there‘wti greater than 50% CO, production for glucose, 
the reference compound, iti the three soil types within the 64 days of incubation. In the 
‘*C~ractopam.ine hydrochloride-treated soils, the mean total r&dib&.tivicj; &oIvkd as “CO, 
was 8.5.8.9, and 7.0% of,ifie‘initial iadiiiactivity for stid).ld&, lb&, arid clay loam 
soils, rcspectiveiy. ‘The to& &&$%+i’$ in”th& kolaiile prodticti WaS less tha+ 1% in all 
soil types. The acetone‘and methanol ektract.abie radio@vitj; for each soil type was less 
than 2% of the,initial ra@activity. ~~‘non~x~~c~a~~~‘r~~ioaciivity was i-n&& ihaa 70% 
of the initial radioactivity and w& not primarily associated Ah ‘par&i ra&@kiine ‘ECl. 

Results of this experiment indic$c that “CYrF$opamine- hydrochloride, did undergo 
biodkgkadation to ‘“CO? slowly and without a measurable~~,~~,time, ,,!t. fl;lso suggests that 
the parent compound wk sub$ta&dly d&siiled akid^its products were b;dii<&<Ec& ih%” 700/o),tij thi soil* ‘.~&!ss&~“~sg$.‘b;if ithe fo(- r$dio.ciivity wgcbgfimed is ractbptine 
hydrochloride, w&n the‘s@nt soil after methanol anil acetorje, $%.rGcji& .$& .$..ayed for 
parent ractopamine’ hydrtihloride. . . _ “, 

- 
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Appeiidii N: Report Summary 

T&: A Greenhouse S@dy to Determine thiD&liti&‘if S&Incorp&ated Rat topamine 
Hydrochloride 

Y ..^ ‘:“‘.;., :., ” s_. , ” : . 
i 

Study Numbel: ABC-0:335. 

Study Dae_es: December 19,1985 to May 1, 1986 
. Nam nd Address f In s t?atqh : 3. A. Manthey, Lilly Research Laboratories, Division of 

ii:Lill y ,and Cozpag ; fBox 708, G&e&eld, Indiana 46 140 

t Articlg: Crystalline Ractopamine Hydrochloride 

Test System: Soil flats maintained in the greenhouse. 

Summary of ExperimeI@.J+$,i: 

This study was conducted in a greenhouse under ambient temperatures and photoperiods. 
The test article was bletiif$ into weighed portions of-a&dried, nonsterile coarse-textured, 
sandy-loam soil at a concentration of 5 ppm. The’dii,~ blerided sdil replicates were 
assayed for r~ctopamine’hydrochlorideVat the start of’̂ ihk expe&&tit. * I, . . .-.r- _ ( . 1 
Twqequril poititins of tre$ed‘soil -&id one tifcqntr~l. s&we@ placid in foil-lined metal 
fiats -and brbtighi td a moisture content if approxitiately 70% df field capacity. Each flat 
was covered with aluminum foil which prevented adventitious growth of weed seedlings. 
The flats were then each encliised .$;a piastic bag to reduce the. evaporation bf water from 
the soil and prevent r$d f’iti&&ions bfsoil-tioi$ilr& l&e&; Jnitiaj +md periodic 
samples of the control and test soils were taken, air-dried, finely ground with a glass 
mortar,and pestle, and assayed for ractopamine hydrochloride. 

Summan, of Resu&: 

Results are sumrnar&d in Table 1. The decline of soil-incorporated ractopamine 
hydroc”hloride occurred in twq ph&es. TKk’ie was ti itiI$d ‘itii&tI decline (haffilife: 1.1 
days; rate constant. 0.622 day-l) of 71% from the initial level of 5.62 ppm to 1.62 ppm 
during the first 2 days. In the second phtie, from Da?; 2 thrdugh’ 13 &e&,‘tfie d&line 
occurred more slowly with a half-life ofa$proximately 5 I days. Eight weeks were 
required for the test cotipound to‘degrade bye%% to.a’soil r$$$$iti$i,$~ $0.55 ppm. -. I. j,_ 8 At the final 15-week soil $mpling only 0.36 bpti of-ititopamine hydrochld?i@ 
remained. Thus, 94% CifZhe t&t cbtibotind’ had degraded by thi ind df 15 ‘wkeks. 
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Table 1 

Decline of Ractopamine Hydrochloride‘ in Soil 

Sampling ’ Yo of I 

--w=.g-- _” ,. .Bpab. Ixuid 

Initial (after mixing) 5.62 
Initial (after hydration) 2,53 
2 days 1.62 
5 days 1.60 
1 week 1.44 

__ I. 2 weeks ,,I 
3 weeks 
4 weeks 
6 weeks 
8 weeks 
10 weeks . 
15 weeks 

1.18 &” *.) ,(, 1. 
1.31 
0.9i 
0.84 
035 
0.45 
0.36 

100 
45.0 
28.8 
2.8.5 

16.4 
14.9 
9.8 
S!? 
6.4 
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Appendix 0: Report Sbrnrn$y _., 7 . . 

m: The Toxicity of Ractop~i-ieHydrochlaride’to &b’wtiite in a 14~Day‘AcuteOral 
Study 

Fame and Address of Investigators,: R. L. Cochrane and R. D. Meyerhoff, Toxicology 
Division; L~lly~Rese&%h Laboratories,“Division of Eli Lilly and Com@ny, Box 708, 
Greenfield, In@na 46 140’ I .;, _ 

Studs: February 181986 to March 4.1986 

Studv Nub: A00586 I_ _ -d-,.,* I ,. a.?* .‘, _. ,. 

-Article: Ractopamine Hydrochloride 

Lot Numberz X4156 (purity, 92.8%) 

Specie,ty~ Bob+.ite quail (Colinus virginianus) 

&g: 21 Weeks 

Number of Animak: SiSex/Dqse 

Dose Groups: 0.0 (vehicle control, 10% acacia), 20.40,90,200,400.9~‘jo, and 2000 mg 
ractopamine hydro&loiid&kg 66dy -weight. A single ,ius:, -? ‘i, c administered at the 
beginning of the study. ” 

Oral (gavage) Route: 

&.n.gth of Studv: 14 days 

Parameters Studied: Food consumption, body weight, behavioral signs of toxicity (i.e., 
lethargy, hyperactivity, ataxia, tremors, etc.) and mortality. 

Three. of 10 biids which received a dose of 2000 mg/kg died during the study. Resul&: 
Another bird was judged to be mo&undat this dosewheu the study was terminated. ‘No 
mortality occurred in amYother treatment groiipdi in ‘the Cont%l group. Loose feces 
occurred in a treatment-related ftihion in all dose groups’tested. Lethargy bias noted at 
doses of 20,40,900, and 2OOO‘mg.%g. Tremors‘wereobserved during the study in the 
bird judged to be moribund at the.end of the study. Food consumption and body weight 
were reduced in birds given doses’Zz200 mg/kg. Reductions in body weight gain, 
reductions in food consumption &d mertality were not found in the 2O-~m&g dose 
group. Loose f&es tid’Gii Efi’~gic”biid were found iii‘ ihe~Z!O*ixi&@ do%grobp. 
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Table I. Body Weight Data for Juvenile Bobwhite (Culinus virgit&mrts) Fed Diers Containing Ractopamine Hydrochloride. Study 

Measured Dietary 
Concentration 

I%) 
I 

0.0 (Coniroi) 

Number 
of 

Birds 

IO 

. . nmal 

22.4 
20.8 

Mean Bodv Wei@ f SD ta) 
Test Day 

5 8 

36.1 44.8 
k2.0 *3. ! 

ody V&&.@$ain 
Treatmem 
-iPha!L 
(5 DAYS) 

13.7 
cki.9 

~0.0017 10 22.7 37. I 45.2 14.3 
ii.1 i2.7 i3.6 i2. I 

0.0044 IO 21.9 35. I 44.0 13.2 
i0.6 k2.6 *3.5 12.7 

0.0 I IO 22. I 33.7a 41.5 I l.6a 
io.7 ~3.2 k3.9 A3.0 

.0.027 IO 22.8 33.2 44.1 10.4* 
i0.6 *3.4 23.2 i3. I 

.&O&7 IO 22.5 30.5* 40.4 8.0* 
il.1 23.4 k6.l k2.9 

;0.19 10 22.4 25.2* 36.l* 2.8* 
*I.1 13.2 5~5.6 _, k3.2 

0.47 IO 22.4 22.(lb* 33.2* 0.9 
*0.9 *2.2 zt3.4 kl.7 

* Statistically significant difference between this value and the corresponding conlrol (p50.05). 
‘aN=Yhirds 
h N = 7 birds 



65 

Appendix P: Report Sami$ry ’ ” 

mStuT$ ‘$$city of R.actopamine Hydro&Ioride to Juvenile Robwhife in a, S-Day ”Diet&y 
- 

Na : R. L. Cochrane and R. D. Meyerhoff, Toxicology 

Greenfield. Indiana 46 140 

Studv Number: A0 1186 

Studv Dates June 25, 1986 to’fitly 3,‘1986 ,_. -Iji ,._A -,,__ ^..,, *be. 6, L.~_, *, . 

Test Article: Ractopamine Hydrochloride 

Lot Numbel: X-44156 (purity, 92.8%) 
_ ,. 

Robwhite quail (Colinus virginianus) Species: 

&g: 10 days 

: IO/group 

melsof~xrrasuie: Average ,measmed’concentr&on ofra?top&ine hydrochloride in diets: V 

0.0,0.0017,0.0044‘0.0’1,0:027,‘0:06?,’0.19; &id’O:47’%i;;;iriL. ~_ 

Length of Exposure: Treated-diet, S-days; basal diets, 3 days. 

Dietary Route: 

Parameters Studied: Food consumption; body’weight, behavioral signs of toxicity (i.e., 
lethargy, hyperactivity, aqia, etc.), and mortality. . 

The average total consumption of ractopamine hydrochloride was 0.0 18,0.048, Results: 
0.106,0.289; 01909, 2:31;Vand 4.99 gkg‘of body weight for the0.O@l7,0.0044,0.01, 
0.027,0.06’7~0.19, and 0.47% treat&e$ groul~s, reSpeciively.?Ihr& of tenbirds‘died in 
the 0.47% treatment group and one of ten birds died in the.,O.@l %tr$atment’group~ No 
mortalities were fouird in ‘the 0~00‘1’7~ 0$044,0.027,0.067, and 0.19% treatmkni groups. 
Ataxia w,as observed in four birds in the 0.47%, t&tment group. Food consumption by 
birds in the 0.47% treatment group was considerably lower than food consumption by convo, biras?.~‘Tr~atmellLtrelat r&.iiijns ~i~~‘~~y4&iigjit.‘g~~ *~$-&-.~jiiijiv&.d~ti-.g.the 5- 

day treatment phase of the study for birds exposed to diets .with 2o’.Ol%, ractopamine 
hydrochloride. Detailed observations of body weight and food consumption are shown in 
Tables 1 and 2. The highest dietary concentration of ractopamine hydrodhloride tested 
which did not result in mort&ti;, signs of toxicity, reduced mean body weight gain, or 
reduced mean food consumptiori tiasO.#44% (44 ppm). 

,, 
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Table 2. ),.“* ̂ _ ,” . ‘ Food Conkimption for Bobwhite (i=oZiituS virginianus j Fkd.Diets Containing ._ *.r.riu;,..iii*-,“~~~,“~ I:“, 
Ractopmne Hydrochloride. Study A0 1186. 

Mkan PO& donsumpiibir;(g/bi~~~~)~~.~~. . .’ ” ,^ __ 

Measured Dietary Number 
Concentration of Treatment Phase Basal D’ t Phas 

(%) Pens (5 Dtiys) 4/d of Control (3 Days) z&f Cc&o1 

0.0 (Control) 2 6.7 -- 9.8 es ” 
il.0 *I.7 

0.0017 2 6.3 86 8.5 90 
kO.1 &OS 

O.OO+l 2 36 .‘ )6.2 .9.5, ,100, 
kO.2 zkO.9 

0.01 2 s.9 86 9.7 100 
fo.4 ki.4 

0.027 2 6.0 86 9.2 90 
kO.2 kO.2 

0.067 2 7.2 114 10.0 100 
M.6 Al .O’ 

* 0.19 2 5.8 86 8.1 80 
zkO.4 21.4 

0.47 2 4.8 71 1t.0 ,110 
5~1.6 iO.1 

- 
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Appendix Q: Repoii Suinhiii 

._” ., ,. m: The Toxicity of Ra~tdp‘gmine’HydrocNdride to~Juvenile’Ma&ds in a 5-Day Dietary 
Study 

Name and Address of Investieators: R. L. Cochrane and R.-D. Meyerhoff, Toxicology 
Division, Lilly Research LaboratorieslDi$ion ‘of l$li‘Lilly ‘&id ComRany, Box 708, 
Greenfield, Indiana 46 140 ^^ : ‘. -- - ., ” 

Studv Numb: A00986 ., _L_ _“(. ,” _“, I _ ,* ._., 

Studv Dates: April 10 to April 18,1986 

Test Article: Ractopamine hydrochloride 

Lot Number: X-44156 (purity, 92.8%) ’ - 
I 1” .~ - - ,_ “. . 

.. Species: Mallard duck (Aks plafyrhynchos) 

&: 10 days . 

Number of Animals: IO/group j, 
I Levels of Exnos re ‘; AYerage measurea ~oncei;itratio~ 6f ;&-.&tie ‘tiy&dcgldi;iJe in biets: 

0.0,0.0091, u0.0165,, 0.0356,0.0672,~6.143,0.291, and-0596%‘v;;iw. . ’ ’ 

mh of Exposure: Treated diet, 5 days;‘ba&l diets, 3 days. 

Route: Dietary 

Parameters Studied: Food consumption, body weight gain, behavior~‘signs of toxicityZi.e., ^,..,. -. .” ). . ../. 1; ,. ” “* -~,, 
lethargy, hyperactivity, ataxia, etc.), and mortality. 

The average total consumption of ractopamine hydrochloride for birds fed 0.009 1, Result%: 
0.0165,0.0356,0.0672,0.145,O.291. andQ.,596%treKted diets were”0.15l,O.268, q.615, x,- “..., -et. I .I( -c,:. : -,a. ,s,.,, I,. , _* 
1.12,2.15,4.07, and 10.0 g of ractoI&ine hyd&&horide/kg body weight, respectively. 
No mortality or signs of toxicity tiere observed for birds from the control grbup or from 
any treatment group. Reduced body vjeight gains during the’$day tieatmeit phase were 
found in treatment groups fed diets containing 10.145% ractopamine hydrochloride. Reduced body weighi gain was assodiat&d --ih feduieti ‘fiibd -.i;-$p~;~“‘~i+$- s-.b 
dietary concentrations of ractopamine.“Dctailed observations of body weight and food , 
consump\tion a.re_shown in Tables 1 and 2. The 0.0672% dietary concentration was the highest ievel of ractopdce hy&tihlo4de t6iiea khrch $$;di.re-rt itiTtie&iti.n(i ” . 
related reductions in mean bdy’weight’ ~~~.or‘~~~d”consump~i~~~.‘~ ,” _l,l 

.  .  .  

’ 



‘Table I. Body Weighl Data for Juvenile Mallards (A~u~pl~t~r/,~~tl’/l~~) Fed Diets Containing Ractopamine Hydrochloride. Study AOI 186. 

Measured Dietary 
Concenlrdtion 

(9%) 

Numher 
Of 

Mean Bodv Weight Gain f SD t&j 
,. Mean Bodv WI,& f SD r& Trcalmenl Basal 

Test Dav *se piet Phase 
5 8 (5 Days) 13 fhVSl 

0.0 (Control) 10 I21 239 321 II7 82 

I &I*9 i36 3250 it25 ~16 

0.009 I IO 125 261 346 136 85 
&I3 243 *35 it35 *I3 

0.0165 10 130 267 346 I37 80 
&I4 i28 *35 *I6 216 

0.01 IO I25 247 329 123 81 
*I2 sl6 A25 *I4 ii2 

0.027 IO 128 248 334 120 86 
+I8 242 *54 k27 il6 

0.067 IO I31 240 343 109 103 
*I9 221 ztz26 *I4 *I3 

0.19 IO 128 225 312 98 87 
i23 237 i53 *2l &:jB 

0.47 ,I0 I25 208 296 83* 89 : 
*I9 ~28 i44 *21 *2l’ 

*Statistically significant difference between this value and the corresponding control (psO.05). 



.  1 .  

6 9  

T a b l e  2 . 
F o o d  C o ~ s u ;p ;ti ;L & ..r j ,,;n ~ ~ e .~ A 8 1 ~ ~ ~ .~ ~ ~ ~ ~  g ~ ;$ i ~ j n ;p .? + d  i i i g ts  --: “>  

C o n ta i n i n g  I& & p a & e  H j ;& o c h l b r i d e . S tu d y  A O O 9 8 6 . -’ ,. j  . \, ,- _ ” , 
M e a n  F o o d  C o n s u m p ti d n Q /b i rd Id a );j ~  S D  

M e a s u re d  D i e ta ry  N u m b e r ,( j , 
C o n c e n tra ti o n  o f T  e  (,_  tm e n  

(5  D a ;;- 
tP h a s  . 

( S o ) P e n s  %  o f C o L ro l  

0 .0  (C o n tro i )  2 ” ,../ 6 4  _ ... “. ..” ,. ,..~ , ._  > . “( i  m - 1 0 0 ’~  ’ -w  
A i 1  * 1 8  

0 .0 0 9  1  2  6 4  1 0 0  ‘8 ‘s  8 i 3  ,, 

+ 6  3 3 4  

0 .0 1 6 5  2  6 5  
* 1 -“ 

w  9 6  ? 6  
A 2 2  

0 .0 3 5 6  2  6 4  ‘- 1 0 0  -“g 9 ” 9 9  
i l O  M  

0 .0 6 7 2  2  6 3  9 8  9 3  9 3  
* 1 3  & 5  

0 .1 4 5  2  5 5  8 6  .? 4  9 4  
k .6  k l 6  

0 .2 9  1  2  5 0  -7 8  < 8 0 *  8 0  
s t6  z k 7  

0 .5 9 6  2  5 6  8 8  8 9  8 9  
k 8  & I3  

* S ta ti s ti c a l l y  s i g n i fi c a n t re d u c ti o n  i n  m e a n  fo o d  c o n s u m p ti o n  (~ 2 0 .0 5 ). 

-, -  . 
. :. _ ^  / 
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-Appendix R: Report Summary 

m: The Toxicity of Ractopamine Hydrochloride to Rainbow Trout in a Static.Test System 

Indiana 46140 

Studv Numb: F03286 

9tudv.Dateq ; April 28, 1g86‘tb.Mai2,‘i:i)‘g6‘ I. ,“( I . -. -. 
j . . 

Test Artic e . I : Ractopamine hy*oc~o~~~ ‘(. ‘. . 

Lot Number: X-44156 (purity, 92.8%) 

Species: Rainbow trout (S&z0 guirdnert~ 

mberi: Groups of 10 juvenile rainbow trout (mean i;ldividual’weight, 1.03 g) X 
were exposed to average measured ractopamine hydrochloride concentrations of 0.0 (water control), 23.2, if~:2,..~~:‘l,.~~~~ .d,2; ,?.; ‘~,?;,.ana ~~;~~~m.‘*.~~~-~~~~:‘iJ g”6f iest 

or control solution were used, to contain each group of’ 16 fish. ,“‘Dissoived oxygen 
concentrations, pH, and temperature of the soiutions were recorded daily. Total _,“/dA ,. :ry<.i. %% i‘ll.,e, ^ alkalinity, total hardness, tid conductivity of the dilutioh water were determined. * .,“’ j +; -i_/ _ I,, _“. . ,,v ..-. I., Behavidrd iiigns of toxlclty (hypoactivi?; minimd swlmmi:ii~“~ehsvior,~~~~~~d 
respiration, and prostration) ‘aud ‘mortality ‘weremonitcred’for fish ‘in cacti jar on a daily 
basis. 

Results: Water quality characteristics were as follows: pH, 7.9 to 8.6; diss,clvedoxygen, at _ , .a. _)” ._ I least 96%, of samretion in all test sOI~ti~~s,“i~~~~~a~re, 11.6 to lf”;pC‘; ‘tot&hardiiess, “_ *““, ‘~\:ai:l,r,., ” ,I, l54 mg/L (as caCo3;,; total dkdinifj;, ‘168 n;& (& cayg:‘~-a~“-&wg.-, 3oo ps,cm* .- 
‘XI . . *I:lr^,,l,, :.j*:.!l, L. ,.n DetaiIed records of behavio~~~~~~“~~~~ns~d’~~~ai;itfeS ~~s”ii:6~~“.;ti TabIes 1 to 5. ,.~ ,’ 

(” : \. “.,;*m, ,i,’ ̂,a+” $??<4<:-“+$ .:!;;. .: ,^ : a Fish exposed to r~cto$mi.ne hydrodlnli;;;^ide~~dnce;;t~~~~~s ~94.7 ppm showed behavioral 
signs of toxicity in a concentration related f@ion, from hypoactivity to prostration. The 
96-hour median 1ethaIconcentration .and its 95% confidence limits were 693 I$& a&i 
523 to 9 18 ppm, respectively. No mortalities or behavioral ‘signs of toxicity were found 
for fish exposed to racto@&ne hydrochloride concentrations g8.2 $p”ti. 



?‘able 1. Physical Condition/Behavior of Rainbow liout (Suhto guirdmv?~Exposed for 24 Hours to Ractopamine Hydrochloride (EL-737, Compound 03 1537). 
Sludy F03286. 

Nominal Average Analyzed 
Ractopamine Raclopamine 

Hydrochloride Hydrochloride 
Concentralion Concentrarion 

(qW ’ (mg/L) 1.0 I.5 

Individual Fish a . . conplu on/BehaviarYalue Hr 

2.0 2.5 3.0 3.5 4.0 

0.0 NDb IO - * 
(COWOl) 

2s 23.2 IO - - 

50 48.2 IO - 

loo 94.7 IO - - 

620 598 10 - - - - 

700 672 10 - . - 

800 772 IO - w - 

900 870 * 10 - - 

a Expressed as the number of fish that exhibited one of rhe following condition/behavior patterns: 
I .O Normal, equal to controls. 
I .5 Sluggish. fess active lhan canirols. darted away from probe. 
2.0 Hypoaclive, could be touched with probe. 
2.5 Swimming impaired, could he turned on their sides with probe. 

’ 3.0 Labored respiration, minimal voluntary movement, sometimes dark in color. 
: 3.5 Prostrate, tnovemenr barely detected. 

4.0 Dead. 
b ND = None detected. The analytical detection limit was 1 .O mg/L. 



Table 2. Physical Condition/Behavior of Rainbow Trout (S&IO guirdrreri) Exposed for 48 Hours to Ractopamine Hydrochloride (EL-737, Compound 031537). 
Sludy FO3286. 

Nominal Average Analyzed 
Ractopamine Ractopamine 

Hydrochloride 
Concenlratior? 

Hydrochloride 
Concentration 

(mW . (m&) 1.0 I .5 

Individual Fish a . . 
on&&on/Behavtor VJIU at 48 Hr * e 

2.0 2.5 3.0 3.5 4.0 

0.0 
(Control) 

NDb IO - m  - 

25 23.2 10 - * - 

50 48.2 IO a - ; 

IO0 94.1 10 - - - 

620 598 9 - - I 

700 672 8 2 

800 772, - * IO * - 

900 870: 8 2 
. . 

low 97 I: 7 i - 2 

a Expressed as the number of fish that exhibited one of the followingcondition/behavior patterns: 
I .O Normal, equal IO controls. 
1.5 Sluggish, less active than controls, darted away from probe. 
2.0 Hypoactive, could be touched with probe. 
2.5 Swimming impaired, could be turned on their sides with probe.’ 
30 Labored respiration, minimal voluntary movement, sometimes dark in color. 
3.5 Prostrate, movement barely detected. 
4.0 Dead. 

b ND = None detected. The analytical detection limit was I .O mg/L. 



Table 3. Physical Condition/Behavior of Rainbow Trout (Salrno gairrlneri) Exposed for 72 Hours lo Ractopamine i$ydrochloride (EL-737, Compound 031537). 
St&y FO3286. 

Nominal Average Analyzed 
Ractopamine Ractopamine 

Hydrochloride Hydrochloride 
Concentration Concentration 

(w3W (md-) 1.0 1.5 

Individual Fish a . . 
o&&#J&&#vlor V&e at 72 Hr 

2.0 2.5 3.0 3.5 4.0 

0.0 

(Control) 
NDb 10 - * - 

25 23.2 IO 

. 50 48.2 10 

100 94.7 IO 

620 598 8 - 

700 672 4 2 

800 772 4 2 

900 870 5 2 

1000 ~971 i 4‘ 

a Expressed as the number of lish that exhibited one of the following condition/behavior patterns: 
I .O Normal, equal to controls. 
I .5 Sluggish, less active than controls, darted away from probe. 
2.0 Hypoactive, could be touched with probe. 
2.5 Swimming impaired, could be turned on their sides with probe. 
3.0 Labored respiration, minimal vohmlary movement, sometimes dark in color. 
3.5 Prostrate, movement barely detected. 
4.0 Dead. 

b ND = None detected. The anaiylical dele&ion limit was I .O mg5. 

. 

r - - 

- 

- 2 

- . 4 

e s 4 

- 3 

- L 5 
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Table 4. Physical Condition/Behavior of Rainbow Trout (S&W goirdrieri) Exposed for 96 Hours IO Ractopamine Hydrochloride (EL-737, Compound 031537). 
Study F03286. 

Nominal Average Analyzed 
Ractopamine Ractopamine individual Fish a Hydrochloride Hydrochloride . . omvror Value at 96 Hr 

Concentralion Concenlralion 
(w&) (m&) 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

0.0 
(Control) 

NDb i0 - - - - - 

25 23.2 10 - - m 

50 48.2 IO - 

loo 94.7 IO - 

620 598 8 - 2 

700 672 4 * 6 

800 772 5 5 

900 870 4 - * - 6 

1000 ‘97 I 2 2 - 6 

a Expressed as the number of fish that exhibited one of the following condition/behavior patterns: 
I .O Normal, equal to controls. 
I.5 Sluggish, less active than controls, darted away from probe. 
2.0 Hypoactive, could be touched with probe. 
2.5 Swimming impaired, could be turned on their sides with probe. 
3.0 Labored respiration, minimal volunlary movement, sometimes dark in color, 
3.5 Prostrate, movement barely detected. 
4.0 Dead. 

b ND = None detected. The analytical detection limit was I .O mg/L. 



Table 5. Cumui@iye jlo$#$j Ftiequencies fdr Rainbow Trout (Salmu’gaikdneri) ‘” ? “- 
ExpdSed for 96 Houti to RGto@mine Hydrochloride -@L-737, Conipound 
03 1537). Study’ FO3286. _. . 

. .‘ 
Nominal Averaged Analyzed 

Ractopamine Ractopamine 1 

Hydrochloride Hydrochloride Cun@at ive . Moatv (%) 
Concentration Concentration _ _ -. ‘, 1 

bwN-> (mg/L) 24Hr ^. 48Rr‘ 
j^iati ,- - ‘.96dti ,“_ ,;. ~. 

0.0 NDa 0” 
,,* ,. ). _, o . o. tll , 

25 23.2 0 0 0 0 

50 48.2 , 0 0 0 0 

700 672 0 20 40 69 

800 772 O,~,O. 40 w 
. 900 8iO 0’. . ;o. 30 60 , 

loo0 971 0' 20 50 60 

Lethal Cor.centration (mg/L) 96-b Median 693 

95% Confidence Limits 523,918 

a ND =‘NonC detected; Thk tiaj;f&zai ditecil& limit waS 1.0 kg/L. 

,,. 
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Appendix S: Report Summary 

m: The Toxicity of Ractopamine Hydrochloride to Bluegill in a Static Test System 

i D. W. Grothe and P. C. Francis, Toxicology Division, 
Lilly Research Laboratcries, Division of Eli Lilly and Company, Box 708, Greenfield. 
Indiana 46 140 “, _ _‘, 

Study NumbeE: F03 186 

Studv Dates: April 21 to April 25, 1986 

Test Article: Ractopamiiie Hydrochloride 

Lot Numba: ‘X-44 156 (purity, 92.8%) 

Bluegill (Lepomis macrochirus) Species: 

: Groups of 10 juvenile bluegill (mean individual weight, 0.74 g) were 
exposed to average measured ractopamine hydrochloride coiicbh~ti‘ons’iijf”%i:~‘iwatki 
control), 90.9, 19 1.38 1,482,539,591, $68; and75 r‘p$rnT. Jars with f 5 L of test or - 
control solu$on were used to coma@ each group of 10 fish. Dissolved oxygen 
concentrations, pH, and temperature of the solutions were recorded daily. Total 
alkalinity, total hardness, and conductivity‘ of the dilution water were deteArmirtcd. 
Beh&mml signs of toxicity” (hyporictivity, minimal swimming behavior, labored 
respiration, and prostration) and mortality were monitored for~fi~li in each jar on a daily 
basis. 

(,,,j.“. ,_/. _. 

Water quality characteristics were as follows: pH, 7.6 to 8.6; dissolved oxygen, at Results: 
least 95% of satUrati.on; temperature; 21.4 to 218°C; total hardness, 137 mg/L (as 
CaCG3); total alkalinity, ‘155 mg/L (as CaC03); conductiv$y,-325 @/cm. Detailed 
records of behavioml observ&ons and moti,&tics:-rj sh.ovn~i;! Tib@s 1 to‘$ Fish. 
exposed to ractopamine hydrochloride concentrations’ 238 1 ppm exhibited slug#sh 
behavior, hypoactivity, or impaired swimming. The 96-hour median lethal concentration, 
its 95% confidence limits, and the slope of the concentration-response curve were 
544 ppm, 473 to 610 ppm, and 7.48, respectively. No mortalities and no behavioral signs 
of toxicity were found for fish expos&f to ractoptiine hyd;d~~~~“~~~~~~t~~t~~~~ ’ 
1191 ppm. 



. 

‘Tahte I. Physical Condition/Behavior of Bluegill (Leponris rktcrochirur) Exposed for 24 Hc3urs to Rzqarnine Hydrochloride (EL-737. Compound 03 1537). 1 
Study F03286. 

Nominal Average Anal yr.ed 
Kaclopamine Ractopamine Individual Fish a 
Hydrochloride HydrochLoride . . on@onlB&vior Value &Y&& 

ConcenlraIion Concentration 
mw b@-) 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

0.0 NDb 10 * - 
(Conlrol) 

100 90.9 to - 
:: . . :’ 

400 381 10 e - 

500 482 9 1 - 

560 539 7 3 ? t - - 

620 591 5 5 -s - ‘; 

700 668 - 6 - - 4 “L 

a Expressed as the number of fish Ihat exhihited one of the following condition/behavior pauerns: 
I .O Normal, equal lo controls. 
I .5 Sluggish, less active than controls, darted away from probe. 
2.0 Hypoactive, could be touched wirh probe. 
2.5 Swimming impaired, could be turned on their sides with probe. 
3,.0 Labored respiration, minimal voluntary movement, sometimes dark in color. 
3.5 Prostrate. movement barely detected. 
4.0 Dead. 

h ND = None detected. The analy Gcal detection limit was 1 .O mg/L. 

; 
,’ 



Table 2. Physical Condition/Behavior of Bluegill (Lep~mis mrcrochirus) Exposed for 48 Hours 10 Ractopamine Hydrochtoride (EL-737, Compound 03 1537). 
Study F03286. 

Nominal Average Analyzed 
Ractopamine Raclopamine 
Hydrochloride Hydrochtoride 

Concenlration Concentration 
(wgfl-) fw$-1 

Individual Fish a . . 
uron/&havior Value a148 Hr 

2.0 2.5 3.0 3.5 4.0 

0.0 
(Control) 

NDb 10 - 

100 90.9 10 . * 

200 191 10 - - - 

400 381 9 - - I 

500 482 8 - - - 2 I 

560 539 6 4 

620 591 3 I 6 
I 

700 668 4 * 6 

800 ,761 3 - 7 ,: 

a Expressed as the number of fish that exhibited one of rhe following condirion/behavior patterns: 
I .O Normal, equal lo comrols. 
t .5 Sluggish, less active than controls, darted away from probe. 
2.0 Hypoactive, could be touched wirh probe. 
2.5 Swimming impaired, could be turned on their sides with probe. 
3.0 Labored respiration. minimal voluntary movement, somerimes dark in color. 
3.5 Prostrate, movemenr barely detected. 
4.0 Dead. 

b ND = None detected. The analyricat detection limit was 1.0 m&L. 



Table 3. Physical CondilionfBehavior of Bluegill (Lepomis mclcrwhirus) Exposed for 72 Hours &o Ractopamine Hydrochloride (EL-737, Compound 031537). 
Study F03286. 

Nominal --Average Analyzed 
Raciopaminc Raclopamine 
Hydrochloride Hydrochloride 

Concenlration Concentration 
t q$U hgU 1.0 I.5 

Individual Fish a 
Condition/Behavior Value al 72 Hr 

2.0 2.5 3.0 3.5 4.0 

0.0 
(Control) 

NDb IO - 

100 90.9 ‘IO - 

200 I91 IO - 1, 

40 381 9 - I 
‘, 

500 482 8 - 2 I 

560 539 4 - * 6 

620 591 3 7 .* 

700 868 3 - 7 

800 761 8. 2 - 8 ‘,. 
): 

a Expressed as the number of fish that exhibited one of the following condition/behavior patterns: 
I .O Norm& equal to conlrols. 
1.5 Sluggish, less active than controls, darlcd away from probe. 
2.0 Hypoactive, could be touched with probe. 
2.5 Swimming impaired, could he turned on their sides with probe. 
3.0 Labored respiration, minimal voluntary movement, sometimes dark in color. 
3.5 Yrostrale. movement bareiy detected. 
4.0 Dead. 

b ND = None detected. The analytical detection limit was 1.0 mgL 



Table 4. Physical Condition/Behavior of Bluegill (Lepomis macrochirus) Exposed for 96 Hours to Ractopamine Hydrochloride (EL-737, Compound 031537). 
Study FO3286. 

Nominal Average Analyzed 
Ractopamine Ractopamine 
Hydrochloride Hydrochloride 

Concentralion Concentration 
(n@-) NM-4 I .u 1.5 

Individual Fish a . . Bvior Value at 96 Hr 

2.0 2.5 3.0 3.5 4.0 

0.0 NDb IO 
(Conuoi) 

loo 90.9 IO . L 

200 ‘191 IO - - 

400 381 9 - I 

500 482 8 - - 2 I 

560 539 3 7 

620 :591 ’ 3 - 7 

700 $668 - 3 7 

800 ‘,76 I ,- 2 - 8 

a Expressed as the number of lish that exhibited one of the following condition/behavior patterns: 
1.0 Normal, equal to controls. 
1.5 Sluggish, less active than comrols, darted away from probe. 
2.0 Hypoactive. could be touched with probe. 
2.5 Swimming impaired, could be turned on their sides with probe. 
3.0 Labored respiration, mininral voluntary movement, sometimes dark in color. 
3.5 Prostrate, movement barely detected. 
4.0 Dead. 

b ND = None detected. The analytical delection limit was I .O mg/L. 
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Table 5. Cumulative Mortality Frequencies for Bluegill (Le”0mi.s macrochh@ Exposed 
for 96 Hours to Ractopamine-Hydrochloride (EL-737,‘Compotind 031537); 
Study f”O3186. _ )\ 

‘Nominal 
Ractopamine 

Hydrochloride 
Concentration 

. . 
Averaged Analyzed 

Ractopa&ne 
Hydr&il&i& ,: Cuinulative Mortali? (%V 
Concentkhn ,> ,*. s, jjr ,.I, *1 c. “,,,__,pj, . . T ̂ I 

(mgL) (ii’iim 24 Hr 48 Hr ” . . ___..., :_ _ 72Hr .96Hi , . 

100 q0.q 0 . __,, ._, 9 _ , .., 0 . . ,‘ “9 _, . 

200 191 0 0 0 0 

400 381 0 -10 10 -10 

500 482 0 20 20 20 

560 539 30 40 60 70 

700 668 40 60 70 70 

800 761 70 70 80 80 . . *_I, ,._^ 
96-Hr Median Lethal Concentration (mg/L) 544 

95% Confidence Limits 473.6 IO 

Slope 7.48 

a ND = None detected. The ~a~lti&l detection limit was’ i:O mgk. 
,. 
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m: The Acute Toxicity of Ractopamine Hydrochloride to.Daphnia magna in a Static Test 
System : 

NaJnenvestieatorg D. w. Grothe and R: C., FranCis, Toxicology Division, 
Lilly Research Laboratories, Division of Eli Lilly and Company: ‘E3ox 7@, Greenfield, 
Indiana 46140 

Studv Nuh: COO786 __. 

&idv Dates: March 11 to March i3; 1986 

: Ractopamine Hydrochloride 

Lot Number: X-44 156 (purity, 92.8%) 

Species: Daphnia magna 

Number of Animals: S&eplicate; 4 replicates/treatment. 

merimental Design: A group of 20 Dajihnia, c24 hours old, were exposed for 48 hours to 
control water and to solutions of ractopamine hydrochloride. with’ measured 
concentrations of 4.47,9& 23.1,46.9,71.3, and 93.3 ppm. Each replicate beaker 
contained 2bi) ml oP’test.‘solution. ~e‘iiiper~~re,‘dissblved oxygen, and pH of the test 
solutions were measured daily. Total alkalinity, total hardness. and conductivity were 
measured in the diiuent water and the test solutions. tjaphnia were assessed for 
hypoactivity, prostration, and immobility. 

R&: The water quality characteristics were as follows: pH, 8.1 to 8.3; dissolved oxygen 
concentration, at least 92% of saturation; temperature; 20.3 to 2 1 .O”C; total alkalinity, 
117 mg/L (as CaCG3); total hardness 106 mg/L (as GaC03); and conductivity, 
237 @/cm. At ractoptine hydrochloride concentration&23.,,l’ppm, exposure related signs of tdxi6iiy,rtigea f~titi~‘hyp~i~~i~;.&i~ i~~Mlity~;l~~~~~~r~~ oT‘ihe 

physical conditions noted in this study are shown,.in Tables ~,@@.2. The 48-hour median . . _i,^l ,” *“._ll-l 
lethal concentration, thePS% <or$ide~~e limits, and the +$e of the concentration~‘V*~~ “*- 

_ 

response curve -G&e 34.5 Rpm, 27.9 to 4 1.0 npm; and 4.8 1, respectively. No 
immobilization or other @‘rysicaIsigns of toxiCity “w&e bb$etiedin anim&ls exposed to 
ractopamine hydrochloride concentrations Sb.34 ppm. 

/  ,  . ,  
1 I .v.N.e_^._ ,_, _._ , ,  

. ._ .  _, (I_ ,  

_..  ,  .  _., . ._ ,cd -. . I .  - *  _. .  ..- ._ 
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Table 1. qhysical Conditiok  of Duphnia m@na PoeulationS Exposed for 48 Hours to 
Ractopamine Hydrochloride (EL-737, Cotipokd 03 1537). Study  CO0786. 

Nominal 
Average 
Analyzed L 

a 
Ractopamink 
Hydrochloride 
Concentration 

@g/L) 

Ractopamine H:y&bchloride 
Concentration 

(mg/Lj~ ̂  

0.0 
(Control) 

5.0 

10 

25 23.1 14 6 -  -  4 Il.- 5 

50 

75 

100 

&. 20 _ -  _.: 20 ‘- -‘” -  

4.47 20 -  -  -  20 -  -  ” 

9.34 20 -  -  -  20 -  -  -  

46.9 13 7 -  -  -  7 -  13 

71.3 6 12 -  2 -  1 -  19 
. ,. 

93.3 -  18’- ‘i‘ _’ _ ‘_ 20 

a Expressed as the number of tes t organisms  that exhibited one of the folkowing general 
physical condi’tidnk  N--  norm& H’- hypoactive, p- pios trtite, I ; immobiiized.. 

b ND = None detec ted. The %&&ai dkectioi knit w& 1 .O ’mg/L. .. 

“. 
’ :. ; 

_ .s.._, ,. , - -  .“. ) ._ ^ I : ,” ” :, .: ’ ’ “, ,,. 

_,__. .-  . -  -  b.. _ 1 __ .-. _ -,. -  .._^ ___ . . 
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Table 2. Ctimulative Immobilizatioti Frequencies ‘for lrraphnia tiagnk Exposed for 48 
Hours io * x I.;j/ Radtopamirie’~ydrochloiide 
CoO786. 

(EL-737; +ii@ijubd D3 I’S37 j: Study 

Nominal 
Ractopamine 

Hydrochloride 
Concentration 

bv@-) 

“Avwagi A&j&ed ’ ,: ^ ., x .I -. 

Rqztopamine Cumulative ’ 
Hyd~o&kicie 
Coxqn~a@on. I 

(IligfLJ .” 24H.r -48 Hr 

(c::o,, 
NDa -0” .’ 0 

5.0 4.47. 0 0 

10 9.34 0 0 

25 23.1 0 25 

50 46.9 0 65 

75 71.3 10 95 

100 93.3 10 .*” I, .j /, 

48-Hr Median Effective Cdketitratiori (tigiL) 34~.5 _\ 1 

_ 100 

I 

95% Confidence Limits. 27.9,41.0 

Slope 4.81 
, ,. -- 

a ND = None detected. The analytical &&‘tion liniit wasi .O tig/L. 
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Appendix U: Report Summary 

m: The 72-Hour Acute Toxicity of Ractopamine Hydrochloride to ihe Freshwater Green 
Alga Selequstrum capricomutum in a Static Test System. . 2 

Studv Numbet: 500295 .,. 

Studv Date? Feb~aty 7 to February 9,1995 

me and Address of Investi-: D. W. Poage, Lilly Research Laboratories, P.G. Box 
708, Gns~x&ld, In&aria .46 1’40 _, , ~ 

Test Article: Ractopamine hydrochloride 

Test Svstem: Nutrient medium with rsctopamine hydrochloride in flasks inoculateci with the “, ‘f “.. _ i I I> ,I,, *I AI ,.. .~ 
test species Selenastrum ctipricoh4tum , _” 

Summarv of E~rimental‘De~: A static iOliicity test was conducted to evaluate the 
effects of r&top&e hydrochloride on the green alga, Sel&&r&n capri~obitium. 
Algal cells were cuEmred for 72 bon&” in ‘a liquid i$iieni’mediuti that contained 
ractopamine hydrochloride at mean ‘assayed concentrations of 0.0,25.4,5 1 .O, and 
101.2 mg/L. Each treatment consisted of three replicate 56‘o;;inl “E&m%eyer flasks 
containing 100 ml of nut.%&, medium‘with an a&$de%ii~ of IO,O@I celfs/ml. ‘The 
algal population of cacti ‘flask was’q&&f;ed on Dags ‘l‘, 2, and 3 using a compound 
microscope and hemacytometer, and a&,l biomass was’ me%$%d on Day ‘3. These ’ 
measurements were used to determjne the no-observed-effect concentration (NOEC), . “” . . -,.-.__ ,.,... I_~ _ * EC, value for growth rate, and thiE‘c, V&e for the growth of cell F~pulations. 

control cultures at the highest treatment concentration, 1012 mg/L. The average specific ., ,.. ,, _I . . *, I . “-I ..: growth rate (p-reg) and tel;riiiina biiimass were not srgnrftcantly affected at any 
concentration “tested. Based upon these resiilts, the NOEC for reduced population growth 
of this green alga was 51’.0 n&/L. The EC, values for p-reg aiid’growth of dill 
populations (AK) were greater than 101.2 m@. _i 

“,.“, ., (” “’ 

..- -- __ -. _ ‘._- . ..r. .._-. , . . . _ - .-- 



. -: 

86 

Appe$ii V: RepOrt SUnixnary 

m: An activated shtdge respiration inhibition study conducted with ractopamine 
hydrochloride .’ ’ _, .“/__,. I .” ,._ _ .__ ,,.. -,< .“ . . 

- 
Studv Number: NO0595 

Studv Dates February 6.1995 

Yame and Address of In * estw : W. A. Althaus and &I. D. Gunnoe, Lilly Research 
Laboratories, P.O. Szx 708; Greenfield, w‘ 46146 

-_ 
Test Article: Ractopam~ne ‘hydrochloride 

Test Svstem: Nutrient me@rjn with ractopamine hydrochloride in flasks inoculated with 
activated sludge. 

Summary of Exnerimeutal Desia: The respiration rate of”activated sludge was measured 
after a contact time of 3‘hours using controol samples, five concentrations of ractopamine 
hydrochloride (10,30, 100, $0, and lOQ0 mg/L), and three concentrations‘of a positive 
control for inhibition‘(3~ 5-dichioropheno1)~ Each Eylennieyer flask contained a total 
solution volume of ,400 m.l.and activated sbudge equivalent to I200 mg/L. At the end of 
the 3-hour incubation period, the rate of dissolved oxygen utilization was measured in IO- ‘,_. ._., ,,^ ,” ..‘” ,_;, second intervals over lo-‘to. l&t$nute p~iioils.“t~~~~ij~~ff~cts ofthe test substance ,^ 

and the positive control were calculated as@ percent of untreated control samples 

Summary of Re&: The EC, for 3,s dichlorophenol, the positive control, was 28.2 mg/L. 
This level &as cdnsistent with inhibition infotiation avaXab$ fcrttis- Compound. 1 No 
inhibition was foung,for ractopamine ‘c&c&rations up to 300 mg/L. At the highest test 
concentration, 1000 m& respiration was inhibited (39%) by ractopamine hydrochloride. 
The EC, for ractopamine hydrochloride’was estimated by linear regression’analysis to be 
1413 n&/L. 

.., ,, _b ., 

_,, “. ._. _” 

_-_--.-. .  
._.,  

i_ ._. .  - _ .L,.  1 _L _I__. I .  ._ ,_..  ._ 
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Appendix W: Report !ik&nrira~ )( ,,“,_. ,^ 
m: The Toxicity of’,S~il-Incorporated’Rgct~p’aminZ Hj&o&loride’to‘the E&&worm in a 

28-Day Test . ” 

Name &d Address oa : p, c. Fiticis and Kyw;‘uf6(h.& ‘t’b;;c”;cdldgjl jDivision, 
-.*.L _L _.,. _*,,_ ‘,il”< 2 Lilly Research Laboratbiies,‘fiii;isibii‘dfEfi Lilly and Company, P.Gr~gox’“i’iOS 

Greenfield, Indiana 4tiid.O”“‘ 
,^... 1 / .,-a i,..’ -.~,a .Y.^ %. a,, I, ,, . .’ 

WJ WW!!!j~dW0V% j ~ ___ _ ^ $_,_~~j^,a_ ., . ..~ I__ ; _ / _ . 

Studv Dates: June 26, 198.6,to July 24, 1986 and August 7, 1986 to Septembk4, 1986’ 

Test Article: Ractopamine Hydrochloride ,. 

Lot Number: X-44156 (purity, 9Z.8%? 

Earthworm (Lumbhs ~er~estlisj Species: 

Exnerimental Desb: 

Study WOO986 - Ractopamine hydrochloride.was blended’,weekly with pulveiiied rabbit 
feces, sandy loam soil, and water to Achieve averagemeasured ractopamine hydrochlori& 
concentrations of 0.0,30.9,63.1,341; z&d 747 ppm. Four replicates, each containing 
2.0 kg of test media. tid 10 e&hwor&s~ ‘were used for a control and at each treatment _x... -. _.l. ) ...,_, _._, -.(;.I .~, level. Every 7 days’thi etihworms were observed (normz&Ylaccid1 $rostratet‘or.dead). 
individually weighed, and transferred to freshly prepared m&lu& Ea&woti were ” /“.r “>A exposed to the test me&$&i 28 days.” f.X ’ ” . ’ ‘. 

Study WOI 186 - Methods used in this, study were the same as those usedin Study .~l,.” *. ,11*” .” WOO986. The average metiured’concentrations’bf racto~amine’hydrochlorrde in the soils 
tested were 0.0, 1.35, &a K’f 1 ppm. ,. 

Results: 

Study WOO986 - Detailed reSults from this’study are-shown in Tables 1 to 5. One 
earthwomi out of a total of 40 worms died in the controi and at tlie’ 309&d 63.1 ppm 
treatment levels. At the end of the study, 87.2.% and 77.5% of the worms were alive at 
the 341 and 747 ppm treatment leveis,‘respectivelj;. The physical Condition of worms “, ,“I,, , throughout the study a~ ifie”3”hf-g~d’ 7q7 ppti tregfient leevefs.“rangkd fiLm nomd to 

‘C.’ prostrate. The body wexght of control’ eartfiworms increased by 36.8% by the end of the 
study. Body weights of &thwor& kx$osed.to 30.9 tide63’.1’ppin tretitment 1eveIs ._ a”.” . . . . . . “II ,.l,_ . _ increased 28.4% and 17.8~%~res~ectiVely, by the end of the study. Earthworms exposed I _a,. .,. ,-_-. ,a*- ,.^,, ,. to ractopamine hydrochloride ai ‘the’34I ̂ @rn treatment Ievel‘ess&tially giined no .” ,.,_ ., I. weight. The body weight of worms at the 747 ppm treatment level decreased 19.7% by 
the end of the study. Although thirO.9’ppin ire&Y&it l&e1 did not result in ,significant 
mortality, earthwormsexposed to the lowest trZiment Ievel tested did not gain as much 
weight as control worms by the &a-of thestudy. , __.“ 
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Study wol  1  86 _  ‘Dit&ikd. reiti l is frdm tag smaf “& shbd;;.$‘.fibres. 6  ‘io lo*  kil j  

earthworml exposed to mean ractbpamine hydro&$ofide cgqcq%r@ns. of 8.11 and 
1.35 ppm appeared normal and”in’g&d physicai’conriitio;nxihroughout the studi:“No 
mortality, ph$sicai signs ‘bf ioliicity, or statkically si$ni~c”~i‘~~~udtions-~~~dy Gight 
gain were observed at either of these two ~~tmenf@$!s. ’ 

.  .  
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Table I. Analyzed Concentrations of Ractopamine Hydrochloride in the Test Soil. Study WO0986. 

Nominal Analyzed Ractopamine Hydrochloride Concentration @&kg) 
Raclopaminc 

Hydrochloride 
Concentration 

tmg/kg) Eva i!ifYG- * 
D+ 14 

Old New iii?Yk- 4 - Old Overall 

0.0 
(Control) 

NDb ND ND ND ND ND ND ND ND ND ND 

50 43.1 f 1.2 15.1 40.1 15.9 42.2 17.6 45.1 26.8 k4.0 42.9 18.8 30.9 
(4 1.7-44.3) (21.1-30.4) k2.1 d.4 i13.4 

IOU 90.0 f 10.0 36.2 84.3 38.4 85.5 42.4 84.2 43.9zk7.5 86.0 40.3 63.1 
(81.1-98.9) (38.2-54.8) k2.7 i3.5 ~24.6 

500 445*28 227 441 247 442 220 436 269227 441 241 341 
(406-468) (248-309) zk4 zt22 9~108 

1uuu 895 * 69 568 ’ 955 562 950 506 883 656i24 921 573 747 
(803-96 I ) (621-677) 237 562 2192 

a Mean * SD for the four replicates; the range is given in parenthesis. 
b ND = None detected. The detection limit for raclopamine hydrochloridein the test soil was I .0 mg/kg. 



Tible 2. Analyzed Concentrations of Raclopamine Hydrochloride in the Test Soil on a Dry Weight Basis. Study WOO986. 
. 

Nominal 
Ractopamine 

Hydrochloride 
Concentration 

(w&9 k?’ 

Analyzed Ractopamine Hydrochloride Concentration (mg/kg) 

-%G- 
Dav 14 

Old Old New GYYk- * 0 New 

0.0 
(Control) 

_ _- 
NUh ND ND ND ND ND ND ND vn ‘V ND ND 

50 54.0 f 1.7 18.6 51.0 19.2 52.9 22.1 58. J 33.4 f 5.2 54.0 23.3 38.7 
(52.3-55.9) (26.0-38.0) *3.0 *6.9 Ztl7.1 

100 113& 15 45.2 107 48.0 108 52.7 105 54.4 i 10.9 108 50. I 79.2 
(100-126) (47.3-70.3) f 3 Pt.2 23t.3 

500 559 * 42 279 554 306 557 271 556 333 f 32 556 297 427 
(505-595) (300-375) *2 *28 *I40 , 

1000 11272 100 700 1192 686 f 195 628 lroo 799232 II54 703 928 
(991-1222) (755-830) *448 *7l *247 

a Mean k SD for the four replicates; the range is given in parenthesis. 

b ND = None detected. The detection limit for ractopamine hydrochloride in the test soil was l .O mg/kg. 



‘fable 3. Physical Condition and Survival of Earthworms Exposed to Ractopamine~Hydrochloride for 7, 14.21, and 28 Days. Study WMI986. 

Analyzed 
Racmpamine 

Hydrochloride 
Conccnlration 

(mg/kg) 

Physical Condition” 

F 
Dav 14 . 

8 M  
Dav 28 

%  
I 2 3 4 Surv. I 2 3 4 Surv. I 2 3 4 Surv. I 2 3 4 Surv. 

0.0 
(Control) 

39 0 0 1 97,s 39 0 0 0 97.5 39 0 0~) 97.5 39 p i 1 97.5 

39.9 40 0 0 0 loo 39 1 0 0 100 39 0 d i 97.5 39 0 0 I 97.5 

63.1 40 0 0 0 loo 39 I 0 0 100 39 0 0 1 97.5 39 0 0 I 97.5 

341 37b 0 I 1 97.4 36, I 0 2 94.9 34 0’ 0 5 87.2 34 0 0 5 87.2 

747 39 0 0 I 97.5 36 2 I I 97.5 34 0 t 5 87.5 30 J 0 9 77!5 

a Physical condition expressed as the number of earlhworms that exhibited one of the following conditions: 
I - normal, 2 - tlaccid, 3 - prostrate, 4 - dead. 

b One earthworm died from mechanical injury. 3 



Tahlc 4. Body Weight of Earthworms Exposed to Ractopaminc. Hydrochloride for 7, 14.21, and 28 Days. Study WOO986. 

Body Weight (g) and Percent Gain in Body Weighta 

Analyzed 
Ractopamine 

Hydrochloride 
Concefllration 

NYW 

---au”- wf7 Day 14 .Dav W28 

Body B&Y %  Body %  Body %  Body %  
Weight Weight Gain Weight Gain Weight Gain Weight Gain 

0.0 
(Controt) 

4.3516 5.5950 28.6 5.7 195 31.5 5.9288 36.3 5.9538 36.8 
io. 1077 320.1’477 *3.2 +0.1126 *2.8 io. 1870 k3.4 i0.2352 i2.0 

30.9 4.3736 5.2167 19.3 5.3508 22.4 5.6 149 28.4 5.6140 28.4 
io. I359 *0.1317 zk3.0 20.1391 25.3 *o. I384 k4.1 ~0.0085 +3.8 

63. I 4.3622 4.8888 12.1 5.0175 15.0 5.2 166 t9.6 5:1364 17.8 
iO.054 I ~0. I229 k1.9 20.0888 it2.6 k0. f621 ~2.3 io.0440 *:)+I 

341 4.4443 4.4385 -0.1 4.6813 5.3 4.7421 6.7 4.4813 0.9 
iO.0904 &O. 142 1’ k2.9 *0.0777 *1.8 i0.1536 i4.7 i0.2345 i5.7 

747 4.4620 4.2872 -3.9 4.2865 -3.9 4.1116 -7.9 3.5815 -19.7 
*0.0379 zt0.1321 ~2.3 *o-1354 i3.0 ~0.0788 *I.7 Ao.0766 fl.5 

a Mean * SD for four replicates. Percent goin is based on initial (Day 0) body weight. Each replicate initially contained .I0 earthworms. All 
treatment means for Days 7, 14,21, and 28 are significantly (psO.05) lower than the respectivecontrol value. 



Table 6. Analyzed Concentrations of Ractopamine Hydrochloride in the Test Soil. Sfudy WOI 186. 

Nominal 
Ractopamine 

Hydrochloride 
Concentration 

(mgk) 

a 
Dav 0 
New 

Analyzed Ractopamine Hydrochloride Concentration (mg/kg) 

Da_v 7 Mean 2 SD In 31 
Oid New New Old over;*i 

0.0 NDb ND ND ND ND ND ND ND ND ND ND 
(Conlrol) 

2.0 1.34 &O.l3C 1.5gc 1.59 1.17 I .77 I .38 I .20 0.97 i 0.42 1.52 1.17 1.35 
(1.21-1.51) (0.67-l .56) i0.29 *0.21 kO.30 

IO 5.8 T 0.36c 6.7Sc 8. I5 7.12 IO.03 6.87 8.92 7.55 j: 0.26 9.03 7.18 8.1 I 
(5.60-6.38) (7.37-7.93) zto.95 rto.34 *I .20 

a Mean A SD for the four replicates; the range is given in parenthesis. 
b ND = None detected. The detection limit for ractopamine hydrochloride in the test soil was 0.2 mg/kg. 

I 

C  The analytical data for the Day 0 samples apparently are in error, as they are I3 IO 15% lower than the corresponding “old” values for Day 7. This problem 
may have resulted from the unusually long time (5 days) between submission of the samples for analysis and extraction of the ractopamine hydrochloride. 
Therefore, to keep the average exposure concenlrations as accurate as possible, these data were not included in the means presented on the right side of this 
table. Omission ol these values diminished the overall mean at 2.0 mg/kg by only I .S% and increased the overall mean by just 5.9% at IO mglkg. 



Tahlc 7. Analyzed Concentrations of Ractoparnine Hydrochloride in rhe Test Soil on a Dry Weight Basis. Study WOI 186. 

Nominaf 
Racfopamine 

Hydrochloride 
Concentration 

h@kg) 

0.0 
/ ‘, (Conlroi) 

2.0 

10 

8 
Dau 0 
New 

NDb 

I .66 zt 0. IF 
(1.49- I .85) 

7.28 zt 0.4@ 
(6.9 t-7.98) 

Analyzed Ractopamine Hydrochloride Concentration (mdkg) 

ziF?G- ziiY?k- izi?Yk- + 

ND ND ND ND ND ND ND ND ND ND :: 

‘, 

1.94” 1.97 1.42 2. I9 I .65 1.46 1.16 io.50 I .87 1.41 I.64 
(0.81-1.88) i0.37 i0.24 ztO.38 ,: 

7.88’ 10.09 8.66 12.48 8.24 10.85 9.07 f 0.35 11.14 8.66 9.90 I ‘ ‘. 1 / 

(8.74-9.57) *I.22 iU.42 21.58 . 

a Mean -+ SD for the four replicates; Ihe range is given in parenthesis. 
b ND = None detected. The detection limit for ranopamine hydrochloride in the test soil was 0.2 mg/kg. 

’ c The analytical data for Qe Day 0 samples apparently are in error, as they are I3 to 15% lower than the corresponding “old” values for Day 7. This problem 
may have resulted from the unusually long time (5 days) between submission of the samples for analysis and es&action of the ractopamine hydrrrhtnride. 
Therefore, IO keep the average exposure concentrations as accurate as possible, these data were not included in the means presented on the rigbi side of ; 
this table. Omission of these values diminished the overall mean at 2.0 mg/kg by only 1.5% and increased the overall mean by just 5.9% at IO mg/kg. ’ 



Table 8. Physical Condition and Survival of Earthworms Exposed to Ractoparnine Hydrochloride for,7, 14.21, and 28 Days. S~dy WOj 186. 

Analyzed 
Ractopamine 

Physical Conditiona 

Hydrochloride 
Concentration 

(w~kg) 

0.0 
(Control) 

Dav 28 
5% 

t 2 3 4 Surv. 1 2 3 4 Surv. I 2 3 4 &A. I 2 3 4 Surv. 

40 0 0 0: JO0 40 0 0 0 100 40 0 0 0 too 40 0 0 0 IO0 

1.35 40 0 0 0 100 40 0 0 0 loo 40 0 0 0 100 40 0 0 0 loo 

8.11 40 0 0 0. loo 40 0 0 0 100 40 0 0 0 loo 40 0 0 0 loo 

a Physical condition expressed as the number of earthworms thal exhibited one of the following conditions: 
I - normal, 2 - flaccid, 3 -prostrate, 4 - dead. 



Tahk 9. Body Weight of Earthworms Exposed to Ractopamine Hydrochloride for 7. 14.2 I, and 28 Days. Study WOI 186. 

Body Weight (g) and Percent Gain in Body Wcighta 

Analyzed 
Ractopamine 

Hydrochloride 
Concentration 

!mgjkg) 

0.0 
(Control) 

Day 0 A Dav Dav Dav28 

Body Body 96 Body 5% BUY 8 
Weigh; 

BUY 96 
Weighi Gain ‘Weight Gain Weight Gain Weight Gain 

4.4115 5.2675 19.4 5.3928 22.2 5.4865 24.4 5.6419 27.9 
*O&648 kO.2069 zt4.1 iO.2455 *4.5 kO.2 189 zt4.7 20.23 17 k5.6 

1.35 4.4804 5.3986 20.5 5.6609 26.3 5.6929 27.0 5.7507 28.3 
~0.1387 kO.2437 $3.2 i0.2938 i3.0 i0.2773 k3.2 20.2839 i3.6 

8.11 4.4214 5.381 I 21.7 5.6278 27.3 5.6914 28.7 5.8242 3J.7 
r0.0893 *0.305 I *5.4 kO.2773 k4.9 kO.2540 *4.q *0.3074 k5.8 

a Mean f SD for four replicates. Percent gain is based on initial (Day 0) body weight. Each replicate contained 10 earthworms. 



Cation Exchange Capacity 

Potassium 

Magnesium 

i4.a tieq/lOO g 

126 ‘mgkg 

Calcium i3OOmgkg 

Potassium 124 mg/kg 

Magnesium 

Calcium 

255 mg/kg 

2300 mg/kg 

Sand 71% 
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Test Articie: Ractopamine hydrochloride A. 

Test Sv 
* “.I * \. .i ,,,, 

!XtfgQ : Seeds germinaika in the dark in Petii dishes. ‘. . .’ ” 
. Summarv of Exnqpmen tal Des&q: 

,. .” /_‘.,... 
Seeds of corn (Za muysj, ~tk%iibe~ (Cucimis sativus), 

turnip (Brassick ri+~j~S&fwh&k ~7%%6.& a&i&t j’wkm p&mated at room 
temperature for 24 hours .iu z@ieous solutions which containedb,’ 1, it& and”l’Dbppm ““.-_. _../ 5,. “_, /.-_ \ ._ _1 _ * ,*I Ir-rx*- .,-Is1 .?zie<~i ij,*, I” in .wl ‘“*.IL * *ca* 91 .a;**: 
ractopamine hydrtihlor%K’ The seeds were then, washed w.rth successive portions of distilled Hiater, IGtdip.i,y, a i&d;;;~;g&*nu.s&f $t~~~as”.;o~~~~-~~~~~~ Gas _ 

placed between layers of moist (plain water).filter paper in &+%i dishes &d a.llo&&l to ; _u*.. i,. 4 ,“.>_<_ i*,. ii r;up>b-**i*i‘ ~r;..&r,*,c~~!.$~~* ,* i*^ .b germinate in the dark at 36°C for 3 to 5’ days $q%&@’ upon the parucular test cultivar. 

sm: 

The results show that the seeds of wheat and corn at all treatment levels of ractopamine “.. “j. hydrochloride had the sqrne extent of gem&&on as c&m&. IReduced ‘germination 
occurred in turnips and cucumbers at 100 ppm. The development of tie iadicle in’ c&n ,._ .,,“,._ L ,.~ x~i.i.:w. , and wheat was not affected by ractopamme hydrochlori& at‘allrlevels tested: Reduced “. r,_ .; jx _,, (.“I.-.il_. /,.x) _, ‘; ,%,,” .d,I_ ,,-__ _I II,. . - radicle length occurred in turnip at treatment levels of 10 and 1W ppm and m cucumber . \ 

at 100 ppm. 
_ ._ 

The four test cultivars were uot affected by ractopamiue hydro&&&&& a treatment 
level of 1 ppm. Ii‘is unlikely th& soil’?esiduc l&ls”<l @m rgctop%ne hydrochloride could result from the ag;i~~~~~~~~~~~~-~~~~~~~~~nd~ nerefgie., n‘. phytotoxic 

problem is anticipated by the use’tifiacroptine hyd%hlorid~“ 

. 

, -  

, ._  I  
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Appendix Y: Report Summary 

StudvNumbec ABC-O4ji I’ ‘- I 

Wv Dates: July 11, 1988 toJuly -16, ~988‘(cucumbera$ soybean) ‘. . 3uly 21, f(,&8 t* 3ufy 25, ‘@(,& (ititiiii”“.” I** i 

July 22, 1988 b hiy 26, 1988 (barley) ’ 

Test Svstem: Seeds germinated in the dark’m Petri dishes. _ 

! 

I ,, % .” ,.I _ /_ 
of Exoeaal &sign: The seeds of cucumber (Cucumis &&s) hrley 
urn vu&ie), and soybean (Glycine max) were soaked for’cne‘hour ‘and turnip 

(Brczssicu’rap~) see”dii%&e sb$ked overnight in distilled water. ‘& pie-de&mined 
number of seeds of each cultivar was placed between layers.~~.~~~~~~.,paper saturated with 
water or ractopamine hydroctioiide test 9ij!utl~~~:‘~~~-cancentrations of the ractopamme . 
hydrochloride solut$n$wero 1, 10, and 100 ppm for barley and soybeans: $0, 7% and loo ppm for -v;;di;mbers; and & ,*$ “&1’6pfim f;;r~is~s6~ fliie seerds we-i dlowed.to 

germinate in the dark at Qppr%n&ely 30°C for 4 to 5 days, depending~on thepat?&&% 
test cultivar. 

Summarv of Pest&: The re+!lts show that ractopamine hydrochloride at all treatment levels , ‘ ̂ L”/ _.I _.( . had no effect on seed germination of the four cultivars tested,#,no effect on the -‘“’ .“*“*- ’ 
development of the ra.dicle of cucumber, barley, and soybean. Reduced radicle length- 
was found for turnip exposed to a ractopamine hydrochloride treatment level of 10 ppm. 
The development of the tum~p radicle was not affected~ by ractopamine hydiG%oride at 
treatment levels up to 7.5 ppm. 

-I .i 
,  

- .  .  --. _.L. .  . ._. . .  ---- __-.. - .- _ _ --. .  -.._ A..  -2 - , . .  -- )v .  .  _.__,I  -_ L _ 
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m Ractopamine Hydrochloride Seedling Growth Test 
- 

&&-Number: ABC-0432 

1989 (turnip) 



Test Art&&: Crystalline RactoI&nine I$ydr&hibride 

T%%&!@B: In vitro. agar plate test with gram-positive and gram-negative aerobic animaf 
pathogens and anaerobic bacteria. _ _ 

su~arv of Exne~mental Desb: Rtitopamitie hyd&t;loride &s i&o$oiated i&, agar 
plates at concent&&rs ranging from O.O?g to 256 ppm. A‘gro;p of 36 gram-positive 
and gram-negative animal ‘fiatiogkns and 19 *positive and gram-negative anaerobes 
were inoculated onto the ‘surface of me “plates kd‘incubated “I ii.to 24 ‘hours. > 

: The minimum’ inhibitory concentrations (k&Z) were greater than .*q:v.,ru ,‘.‘LI* I, ../ lbl.P .* aerobic’$&ogens and greater than 2Sppm for aI1 anaerobes.e%ept for 
t~o’s~ecies,‘where~the~MIC values were equal to 256 or 128‘ppm (Tables . .,_ L,” 1 and r>. 
Antimicrobial activity wasnot found for any of the microbes tested at ractopamine 
hydrochloride concentratiotk 164 ppm. 



102 

Table 1 

Antimicrobial Activity Of Ractopamine H~&&loride - 
“to Pathogens 

> 

Minimum Inhibitory 

Staphylococcus aweus (X 1 .‘I) M ” (V4l) ,I ,, (x4;ribj, ,, 
tt ” (S 13E)’ 

~128 
,128 

’ >I28 
~128 

Staphyfixoccti epid&mi+ (Epil) I, I, Zr22r” I. 

Streptococcus agaiactiae (C203) ,t pneadmoniae (PARK) ,, group d (X66) I, group d (2041) 
Huemojhilus injl&n&~, ‘(se&) ’ 

II ” (res) 
Escherichia coli (N 10) I, I’ (ECf4) ,i immii* _ .r ., II 
Kfebsiella (X26) 

@ I ww 
” (X68) 

Enterobacter aerogen$s (C32) t, ” (EB17) ’ 11 cloacae’(EB5)~ *I ” (26514) Salmonelia (xssaj ,.> 1 ,. _- _-^ i^ -. 

” (1335) 
Pseudomonas (X528) 

:I,, (X239) 
(PS i8) 

” (PS72) 
Serratia (X99) 

” (SW) 
Shigella sonnei (N9) 
PrOt&s m&~&d (PRlS) 

” inconstaqs (PR33) 
” rettgeri (C24) 

Citrobacter (CFl3 j _ 
Acinetobacter (AC 12) 

>128 
~128 
>I28 
>128 
~128 
$128, 
>I28 
~128 
>i28 
,?lZS 
>128 
~128 
3128 
~128 
>I28 
.I28 
>128 
?!28 
>128 
.128 
>128 
~128 ” ,. 
>128 
>128 
>128 
S-128 
>128 
>I28 
>i28 
s128 
>iiG 
>128 

. . 
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1 0 3  

T a b l e  2  ’ 
I  - .  

A n ti m i c ro b i + l ’~ & ~ i ~  o f k & & a m i n e  H y d ro c i i l d r i d e  
to  A n a e ro b i c  M i c ro o r & ti s m s  

M i c ro o g a n i s m  tw  
‘M i n i m u m ’ In h i b i to ry  

.., ~ , < a ,&  ,,., 4  * * e ,.d * -  :u  o n c e n tra ti o n m  

C l o s tri d i u m  d i # i c i i e  (2 9 9 4 ) > 2 5 6  
” p e t-j ? i n g e n s  (8  I) ~ 2 5 6  
0  s e p ti c w n  ( I 1 2 8 ) > 2 $ 6  

E u b a c te ri u m  a e ro fa c i e n s  ( 1 2 % ) > 2 5 6  
P e p to c o c c u s  a ~ a i ? c h q ro i y ti c u s  ( 1 3 0 2 ) > 2 5 6  

” p re v o ti  (1 2 8 1 ) > 2 5 6  
P e p to s tre p to c o c c u s  a tz k z e ro b i u s  (1 4 2 8 ) ~ 2 5 6  
,t i n te rm e d i u s  ( t 2 6 4 ) > 2 5 6  

P ro p i o n i @ c te ri u m  ? a ? +  (7 9 ) > 2 5 6  -, 
B a c te ro i d e s  j i l i s  (1 1 ~ 1  j  ” > 2 5 6  1 ) ” (1 8 7 7 ) > 2 5 6  t*  ” (1 9 3 6 B ) 2 5 6  1 ) th e ta i o ta ri m i q ro n  (1 4 3 8 ) > 2 5 6  _  ,*  m e ta n i n o g e n i c u s  f 1 8 5 6 /i z ,s )  > 2 5 6  t, * , 

W W  _  , _ _ . ~ 2 5 6  
-v u l g a tu s  (1 2 1  I) 0  1 2 8  II c y $ p  (  1 8 7 4 ) > 2 5 6  

F u s o b a c te ri u m  s y m b i o s u m  ( 1 4 7 0 ) > 2 5 6  II n e c ro p h o ru m  (6 0 5 4 A ) > 2 5 6  


